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PREFACE

The ultimate purpose of training Naval personnel is to produce a
combatant Navy which can insure Vvictory at sea. A conseQuence of the
quality of training given them is their superior state of readiness. Its result is
a victorious Navy.

This Rate Training Manual and Nonresident Career Course (RTM/NRCC)
form a self-study package that will enable Builders Third and Second Class
help themseives fulfill the requirements of their rating. They perform tasks
required for construction, maintenance and repair of wooden, concrete, and
masonry structiures, concrete pavement, and waterfront and underwater
structures; perforin rough and finish carpentry; erect or repair waterfront
sttuctures, wooden and concrete bridges and trestles; fabricate and erect
forms; mix, place, and finish concrete; lay and set masonry; and paint or
vamish new and refinished surfaces.

Designed for individual study and not formal classroom instruction, the
RTM provides subject matter that relates directly to the occupational
standards of the Builder rating. The NRCC provides a way of satisfying the
requirements for completing the RTM. Assisnments in the NRCC include
learning objectives and supporting items designed to lead the student
through the RTM.

This RTM/NRCC was prepared by the Naval Education and Training
Program Development Center, Pensacola, Florida, for the Chief of Naval
Education and Training. Technical assistance was provided by the Naval
Facilities Engineering Command, Alexandria, Virginia, the Naval
Construction Training Center, Port Hueneme, Califomnia, the Naval
Construction Training Center, Guifport, Mississippi, and the Civil
Engineering Support Office, Port Hueneme, California,

Revised 1981

Stock Orderng No.
0502-L.P-053-2410

Published by
NAVAL EDUCATION AND TRAINING
PROGRAM DEVELOPMENT CENTER

UNITED STATES
GOVERNMENT PRINTING QFFICE
WASHINGTON, D.C.: 1981




THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY

The United Siates Navy is tesponsible for maintaining control of the
sea and is a ready force on watch at home and overseas, capable of
strong action to preserve the peace or of instant offensive action to
win in war.

It is upon the maintenance of this control that our country’s glorious
future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy’s heritage from the past. To
these may be added dedication, discipline, and vigilance as the
watchwords of the present and the future.

At home or on distant stations we serve with pride, confident in the
respect of our country, our shipmates, and our families.

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our special privilege. We serve with
honor,

THE FUTURE OF THE NAVY

The Navy wili always empioy new weapons, new techniques, and
greater power to prctect and defend the United States on the sea,
. under the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in
war.

Mobility, surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Navy lie in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heritage from the past.

Never have our opportunities and out responsibilities been greater.
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CHAPTER 1

CONSTRUCTION ADMINISTRATION

When you first “sew on the crow,” you take
a big step in your naval career. You become a
PETTY OFFICER. This step catries with it
many tesponsibilities. including those of a leader
and adininistrator. It won’t be long before you
are called on to serve as the leader of a
BUILDER (5U) team or crew. Your examples of
leadership will infivence the crewmembers, so
you must always exhibit a strong sense of
personal integrity and dedication to your work
and to the Navy.

ADMINISTRATION

Crews may perform a variety of joos related
tc the BU rating. Your duties as a crew leader
may vary from one activity to another. At most
activities, you can expect duties that involve
planning work assignments, supervising work
teams, jnitiating requisitions, and keeping
timecards. The following paragraphs will contain
basic guidelines for carrying out these duties.

PLANNING WORK
ASSIGNMENTS

For purposes of this discussion, planning is
the process of determining requirements and
devising and developing methods and schemes of
action for performing a task. Proper planning
saves time and money and makes the job easier
for all concerned. Here are some pointers that
will aid you in planning day-to-day work
assignments for work teams,

When you are assigned a project, whether in
writing or orally, one of the first things todois
to make sure you understand clearly just what is

to be done. Study the plans and specifications
carefully. If you have any questions, find the
answers from those in a position to supply the
information you need. Among other things.
make sure you undersiand the priority of the
project, expected time of completion. and any
special instructions to be followed.

In planning for a small or large project, you
must consider the capability of your crew,
Determine who is t0 do what and tiow long it
should take to complete the assignment. Also
consider the tools and equipment you wili need
and arrange to have them avaijlable at the jobsite
at the time the work is to get underway.
Determine who will use the tools, and make sure
the crewmembers to whom they are assigned
know how {0 use them properly and =afely.

To help insure that the project is done
properly and on time, you will ‘/ant to cousider
the methnd of accomplishment. If there is more
than one way of doing a particular assignment.
you should analyze tlie methods angd select the
one most suited to job conditions. Listen to
suggestions from others. If you can simplify a
method and save time and effort, by all means
do it.

Establish goals for each werkday and
encourage yout crewmenibers to work together
as a team in accomplishing these goals. You
want to set goals which will keep your crew
busy, but make sure your goals are realistic.
Discuss the project with your crewmembers so
that they will know what you expect from each
one of them. During an emergency, most
crewmembers will make an all-out effort to meet
the deadline. But people are not machines. and
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when there is no emergency, they cannot be
expected to continuously work at an excessive
high rate.

SUPERVISING WORK TEAMS

After a job has been properly planned, it is
necessary to supervise the job carefully to insure
that it is completed properly and on time.

Prior to starting a project, make sure your
crew know what is to be done. Give instructions
clearly. and urge your crew to ask questions on
all points that are not clear to them. Be honest
in your answerss. If you do not know, say so,
then find the answer and inform your crew.

While the job is underway, check from time
to time to insure that the work is progressing
satisfactorily. Determine if the proper methods,
matenals, tools, and equipment are being used.
If crewmembers are doing the job wrong, stop
them, and point out what is being done wrong.
Then explain the correct procedure and check to
see that it is followed.

NOTE: When you check the work of your
cre ymembers try 19 do so in such 2 way that
they will feel that the purpose of checking is to
teach, guide, or direct, rather than to criticize or
find fault.

Make sure that your crewmembers take all
applicable safely precautions and wear safety
apparel when required. Also watch— °r
hazardous conditions, improper use of tools and
equipment, and unsafe work practices which
could cause accidents and possibly result in
injury to persomiel. Many young persons ignore
danger or think a particular regulation is
unnecessary. This can normally be corrected by
proper instruction and training.

Yhen time permits, rotate crewmembers on
various jobs. Rotation gives them varied
expenience and will help insure your having
those who can do the work if someone is
hospitalized, transferred, or goes on leave.

As a crew leader, you shouid be able to get
others to work together in getting the job

accomplished. Maintain an approachable
attitude toward Yyour crew so that any
crewmember will feel free to seek your advice
when in doubt about any phase of the work.
Emotional balance is especiaily important; you
mus! not panic before your crew. or be unsure
of yourself in the face of conflict.

Be tactful and courteous in dealing with
your crew. Never show partiality to certain
membess of the crew. Keep your crewmembers
informed on matiers which affect them:

personally or concern their work. Also seek to
maintain a high level of morale, keeping in mind
that low morale can have a definite effect upon
the quantity and quality of their work.

As you advance in rate, more and more of
your time will be spent in supervising others.
Therefore, learn as much d4s You can about the
subject of supervision. Study books on
supervision as well as leadership. Also watch
how other supervisors opetate and Jo not be
afraid to ASK QUESTIONS.

PREPARING REQUISITIONS

As a crew leader, you should become
familiar with forms that are used to request
material or services through the naval supply
system. Printed forms are available which
provide all the nccessary information for
physical transfer of the matenal and accounting
requirements.

Two forms used for ordering matenals are
the Single Line 1tem Consumption,Management
Document (Manual), NAVSUD Form 1250 (ﬁg.
1-1) and the Requisition and Invowe,Shipping
Document, DD Form 1149 (fig. 1-2).

As a crew leader, you are not usually
required to make up the entire NAVSUP Form
1250, however, you must list the item’s stock
number (when available), the quantity required,
and the name or description of each item
needed. This form is turnad in to the expediter
who will check it over, complete the rest of the
information required and sign it. Then it is
forwarded to the Materiz: Liaison Officer (MLO)
or Supply Department for processing.




Chapter ! ~CONSTRUCTION ADMINiSTRATION

ENTRY, AS REQUIRED,
1F ATEM 1S NS 'NC

OPTIONAL ENTRY |

N\

4 WRT, e ANL Gt B Lfet W

Begi

(L LLUTE Y

A
T TT

L T L L BPEY TT- LN S

T T e R TR

’ T
St ~;—-——

- . 'T'

;73;!,&7 ba‘:‘#ﬂ/

1 t
R R - P
Fow,. T 05, o %y

1

T
;.
L
:z

== = AErfpEsnil Srwel.

'gﬂ’;s?ép‘/

LI MINTS

LI I

i, Ale

LN I | L B B B O K/

,eja;faplé w,zéf’_aa

S FELRTLL

£

ELAPMLAT )52

(5 star Ba a

TaGul LM T EOuSue e A DMWY DDCUME MY

[TTI R T Y. ) M-.r 2% tow oron BOR FRO.

e e,

HEd ntnu-s

a1

1
4

[/

ENTRIES REQUIRED IF
DATA BLOCK 14 15 BLARK

Figure 1-1.—Single Line |tem Consumption/Management Document. NAVSUP Form 1250.

You are not likely to use DD Form 1146
often since the items most trequently ordered
are bulk fuels and lubricanis. This form 15
limited to a single page and must contain no
more than nine hne items. It is not necessary to
fill in ail the blocks of this form when it is used
as a requisition.

In ordening matenal, you will need to know
about the National Stock Number (NSN)
system. Information on the NSN system and
other topics relating to supply is given in
Miluary Requirements for Petty Officer 3 & 2,
NAVEDTRA 10056.

TIMEKEEPING

In a battalion overseas. as well as at
shore-based activities. ycur duties may involve

“the posting of entpes on timecards for military
personnel. Therefore. you should know the ty pe
of wmformation called for on timecards znd
understand the unportance of accuracy in labor
reporting. You will find that the labor reporting
system primarily used in Naval Mobile
Construction Battalions and the svstem
employed at shore-based activities are similar.

In order to record and measure the number
of man-hours that a unit spends on various
functions, a labor accounting system is
mandatory. In this system. labor utilization data
is collected daily in sufficient detail and in a way
that enables the operations officer to compils
the data readily. This helps the operations
officer manage manpower resources and prepare
reports to higher authority.

Although labor accounting systems may vary
shightly from one coinmand to another. the
systern Jeseribed here can be considerced typical.
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Chapter 1-CONSTRUCTION ADMINISTRATION

A unit must account for all labor used to
carry out its assignment so that management can
figure the amount of [abor used on the project.
Labor costs are fipured and actual man-hours are
compared with previous estimates based on jobs
of a similar nature. When completed, this
information is used by unit managers and lugher
commands for developing planning standards.

The type of labor performed must be broken
down and reported by catcgory, the purpose of
which is to show how labor has been used.

For timekeeping and labor rcporhing
purposes, al! labor is classified cither productive
or overhead.

PRODUCTIVE LABOR mcludes {abor that
directly or indirectly contrbutes to the
accomplishment of the unit's mission, including
construction operations, military opecrations.
and training. Productive labor 1s accounted for
in three categories. direct labor. indirect labor.
and military, which is calied “‘other™ on some
timekeeping cards.

i. DIRECT LABOR indudes labor,
expended directly on assigned construction tasks
either in the field or in the shop, wihich
contributes directly to the compliction of an ¢nd
product. Direct labor must be reporwed
separately for each assigned construction tash.

2. INDIRECT LABOR comprses labor
required to support construction operations. but
whicl docs not produce an end product itself,

3. MILITARY f(other) imcludes mihitary
functions and traintng necessary to support the
mission.

OVERHEAD LABOR 15 not considered to
be productive labor in that it does not
contnbute directly or ndirectly to e
completion of an end product. It includes labor
that must be performed regardiess of the
assigned mission,

During the planning and schedohng of a
construction project. eacit phase of the project
constdered as direct labor 15 given an identifying
code, uvsualiy by the Operations Department,
Because there are many types of construction

B i o S
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projects involving different operations, codes for
dircet labor reporting may vary f{rom one
activity to another. For example, "excavating
and setting forms™ may be assigned code R-15,
“faying block™ R-16, and “instailling bond
beams” R-17, You will use direct labor codes in
reporting each hour spent by each ot your
crewmembers during each work day on assigned
construction tasks.

You will also use ¢codes to report tinme spent
by crewmembers jn the following categories:
indireet labor. niditary operations and rcadiness,
disaster  control operations, ~ traiming. and
overhead labor. The codes shown in figure -3
are used at most activities to indicate time spent
in these categorivs,

Your report is submitted on a daily labor
distnibution report form (timekeeping card) hke
thie one shown in figure |4, it immediately
provides a breakdown by man-hours of the
activiies wy the various labor codes for each
crewmember for cach day on any given project.
It s reviewed at the company level by the staff
and Platoon Commnander and then mitialed by
the Company Commander before it 1s forwarded
to the Operations Depaitment. It 15 tabulated by
the Manugement Division of the Operanons
Depattiment, along with ail of the daily labor
distnihuion reports received from each compiany
and department in the unit. This report is the
means by which the Operations Officer analy zes
the labor distnbution of total manpower
resources  for cach day. and as  fecder
nformanon for the preparation of the monthiy
operations report. and any  other resource
reports required of the unit, Tiiss information
must be accurate and tmely, Fach level m the
compidny organization should review the report
for an analysis of its own internal construction
management and performance,

PERSONNEL READINESS
CAPABILITY PROGRAM

The Personnel Readiness Capability Program
(PRCPr was developed for use withm the Naval
Construction Force (NCF). It is designed to
provide crew leaders with information on
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PRODUCTIVE LABOR. Productive labor includes all labor that directly contributes to the
accomplishment of the Naval Mobile Construction Battalion, including construction operations
and readiness, disaster recovery operations, and training.

DIRECT LABOR. This category includes all labor expended directly on assigned construction
tasks, either in the field or in the shop, and which contributes directly to the completion of the
end product.

INDIRECT LABOR. This category comprises labor required to support construction operations,
but which does not produce in itself. Indirect labor reporting codes are as follows.

X0l Con‘struction Equipment Maintenance, X04 Project Expediting  X07 Tool and Spare

Repair and Records (Shop Planners) Parts Issue
X02 Operation and Engineering X035 Location Moving X08 Other
X03 Project Supervision X06 Project Material
Support

MILITARY OPERATIONS AND READINESS. This category comprises all manpower expended
in actual military operations, unit embarkation. and planning and preparations newessary to
insure unit military and mobility readiness. Reporting codes are as follows:

MOQ] Military Operations  MO04 Unit Movement MO7 Military Adnumistrative M09 Other
MO2 Military Security MO5 Mobility Preparation Functions
MO3 Embarkation MO06 Contingency M08 Mobility & Defense

Exercise

DISASTER CONTROL OPERATIONS
D01 IDhsaster Control Operations D02 Disaster Control Exercise
TRAINING. This category includes attendance &t sena-e schoels, factory, and industnal traimng

courses, fleet type training, and short courses, military ¢trainin® and organized tramng .onducted
within the battalion. Reporting codes are as follows:

TO1 Technical Training TO3 Disaster Controf Training TGS Safety Training
TO2 Military Training TO4 Leadership Training T06 Training Adminis-
tration

OVERHEAD LABOR. This category includes labor which must be performed regardless of
whether a mission is assigned, and which does not contribute to the assignec mission. Reporting
codes are as follows: )

Y0l Administrative & Personnel Y06 Camp Upkeep & Repairs Y10 Personal
Y02 Medical & Dental Department Y07 Security Affairs
Y03 Navy Exchange and Special Services Y08 Leave & Liberty Y11 Lost Time
Y04 Supply & Disbursing Y09 Sickcall, Dental & Y12 TAD not
Y05 Commissary Hospitalization for unit
Y13 Other

Figtre 1.3.—l.abor codas.
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* Figure T-4.~Typical timekeeping card.
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personnel to increase the crew leaders’
capabilities in planning, decision making, and
control,

PRCP provides for collecting information
about the readiness condition of an NCF unit
and comparing this condition to established
mimmum skill requirements or capabilities. This
enables supervisors to determine whether or not
the unit’s personnel are skilled or capable
enough to meet contingency or mobilization
requirements. When it is apparent that actual
capabilities do not equal those required,
personnel can be scheduled for training in the
needed skills.

Two important factors in PRCP are the
stated skill requiremenis and an -accurate
inventory of existing skills, The PRCP skill
inventories are derived mainly from interviews
of personnel. A special publication. PRCP
Interviewer’s Standards and Guides, has been
prepared to assist personnel in conducting
interviews. It contains a detailed explanation of
every skill identified in the PRCP. Skill
definitions are now standard throughout the
entire  Naval Construction Force, and any
person, regardless of duty assignment. can turn
to them to find what is expected in a given skill
category and skill level.
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When you become a crew leader, it will be
your responsibility to your crewmembers to
provide them with the opportunity to learn new
skills. This may be done tltrough training or by
assigniag your crew ic various types of work
whenevet possible. You and your ¢crewmembers
can gain a higher level by determining the
training requirements needed and satisfying
them. Then you report these newly acquired
skills to the PRCP coordinator who adds them
to your other skills and those of each
crewmember. It i, you: responsibility to see that
this skill inforimation is kept current and
accurate.

SAFETY PROGRAM

As a petty officer, you must be famihar with
the safety prcgram at your ictivity. You cannot
function effectively as a petty officer unless yon
are aware of how you fit into this program. You
should know who (or what group) arbitrates and
establishes the safety policies and procedures
you must follow. You should also know who
provides guidelines for safety training and
supervision. Every Naval Mobile Constiuction
Battalion (NMCB) is required to implement o
formal safety organization.

SAFETY ORGANIZATION

The NMCB's safety organization provides for
{1) the establishment of safety policy and (2)
control and reporting. As illustrated in figure
1-5, the Battalion Safety Policy Organization is
made up of the policy committee, supervisors’
committeg, and equipment, shop, and crew
commitfges, The SAFETY POLICY COM-
MITT is presided over by the executive
officer. Its primary purpose is to develop safety
rules and policy for the battalion. This
commitiee reports to the commanding officer,
who must approve all changes in safety polivy.

The SAFETY SUPERVISORS’ COM-
MITTEE is presided over by the battalion’s
safety chief and include safety supervisors
assigned by company commanders, project
off.cers, or officers in charge of detal. This
committee provides a convenient forum for
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work procedures. safe practices, and safety
suggestions. Its recommendations are serit to the
policy committee.

The EQUIPMENMT, SHOP. AND CREW
COMMITTEES are assigned as required. Each
committee 1s usually presided over by the
company or project safety supervisor. lts main
objective is to propose changes in the battalion's
safety policy in order to eliminate unsafe
working conditions or prevent unsafe acts. These
committees are your contact for recommending
changes in safety matters. In particular, the
equipment committee reviews all vehicle
accident reports, determines the cause of each
accident, and recommends corrective action. As
3 crew leader. you can expect tO serve as a
member of the equipment, shop. or crew safety
«ommittee. Each committee forwards reports
and recommendations to the safety supervisors’
coImmitiee,

SAFETY DUTIES

Figure 1-5 also shows the Battalion Safety
Control and Reporting Organization. As a crew
ieader. you will report to the safety supervisor,
who directs the safety program of a project.
Duties of the safety supervisor include
indoctrinating new crewmembers, compiling
accident statistics for the project, reviewing
deudent reports submitted to the Safety Office,
and compuring safety performances of al] crews.

The crew leader js responsible for carrying
out yafe working practices under the direction of
the safaty supervisor or others in positions of
authority {(project chief, project officer, safety
chief, safety officer). You, the crew leader, must
be sure each e¢rewmember is thoroughly familiar
with these working practices, has a general
understanding of pertinent safety regulation.,
and makes proper use of protective clothing and
safety equipment. Furthermore, be ready at all
fimes tO cosTect every unsafe working practice
you observe and report it immediately to the
safety supervisor Or other person in charge.
When an unsafe condition exists, they have the
power to siop work on the project until the
condition is corrected.
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BATTALION SAFETY POLICY ORGANIZATION

. €o

SAFETY POLICY
COMMITTEE {x0}

L SAFETY
DETAIL SAFETY
SUPERVISORS SUEERVISORS
1
| i 1
[ AUTOMOTIVE AND CONSTRUCTION SHOP SAFETY CREW SAFETY
l EOMPMENT SAFETY COMMITTEE COMMITTEE COMMITTEES
* BATTALION SAFETY CONTROL AND REPORTING NRGANIZATION
co
X0
i i
SAFETY
OFFICER
{s3}
SAFETY CHIEF
1 | I 1
CO CORS OEPT HEADS PROJECT OFFICERS oi1C DETAILS
OFFICE/SHOP
PLT CORS SUPERVISORS PROJECT CHIEFS AIC DETAIL
1
SAFETY
SO LEADERS SUPERVISORS
I
CREW LEADERS-

Figura 1-5.—~The NMCB safety omanization chart.
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In case of an accident, vou must make sure
the injured get proper medical care as quickly as
possible. lnvestigate each accident involving
crewmembers tO determine ifs cause. Remove or
perinanently correct defective tools, matenals,
and machines as well as environmentat
conditions that contribute to the cause of an
accident. Afterwards. submit the written reports
that are requiregl.

SAFETY TRAINING .

New methods and procedures for safely
maintaining and operating equipment are
constantly being developed. Therefore, you
must Keep abreast of the latest in maintenance
and operation safety and then pass it on to your
crewmembers. Keep them informed by holding
so-called standup safety meetings before the
day’s work starts. Although responsible for the
actual conduct of each meeting, you usually pass
on information that the safety supervisor has
organized and assembed. Information {such as
the type of safety equipment to use, whete to
obtain it, and how to use it) is often the result
of safety suggestions received by the safety
supervisors’ committee. Why not encourage your
crewmembers to submit their ideas or
suggestions to thiscommittee?

At times, you may hold a group discussion
to pass thie word on specific accidents that are fo
be guarded against or may have happened on the
Job. Be sure to give plenty of thought to what
you are going t¢ say beforehand. Make the
discussion interesting and urge the crew to
participate. The final result should be a group
conclusion as to how the specific accidents
could have been prevented.

Your standup safety meetings also give you
the chanze to discuss matters pert.ining to
prestart checks, operation, of maintenance of
automcotive vehicles assigned to a project. Since
these vehicles are wused for transporting
crewmembers as well as cargo, it is important to
emphasize how the prestart checks are to be
made and how the vehicles are {o be cared for.
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Likewise, you can hold a standup safety-
meeting to solve safety problems thqt develop
from a new procedure for starting a particular
piece of equipment just being introduced. In this
case, you can demonstrate the safe starting
procedure for the equipment, and then have
your crewmembers practice the procedure.

However, there are all joo many facts to
reinember and operating procedures to follow
because of the variety of vehicies that may be
assigned to a project. It will lielp to know where
to look for these facts and procedures. By
referring to chapter 2 of RTM/NRCC
Constructionmait, you can learm much about
vehicle prestart checks as well as vehicle use
forms. You can get general information about
cargo  weight distribution, troubleshooting,
general operation, and vehicle safety by referring
to chapter 5§ of RTM/NRCC FEquipment
Operator 3 & 2. But for specific information on
prestart chechs, operation, and maintenance of
each vehicle assigned. you should refer to the
manufzcturer’s operators,/ maintenance manuals.

In addition to standup safety meetings, you
are also concerned with day-to-day instructon
and on-the-job training. Although it is beyond
the scope of this manual to describe teaching
methods, a few words on your approach to
safety and safety training at the crew level are
appropriate. Getting your vrew to work safely,
like most oiher supervisory functions, is
essentially a matter ¢f leadership. Therefore,
don’t overlook the power of personal example in
leading and teaching your crewmembers. Soon
you will discover that they are quick to detect
differences between what you say and what you
do. 1t is unreasonable to expe<t them {0 measure
up to a standard of safe conduct which you,
yourself, do not. As a crew leader, therefore,
you must niake visible at all times your genuine
concemn for the safety of your crew. Although
not the only technique you can apply,
leadership by example has proven to be one of
the most practical of those available to you.




CHAPTER 2

DRAWINGS AND SPECIFICATIONS

Having worked as a crewmember on various
building projects, you probably did your tasks
without thinking much about what it takes to
lay out structures so they will conform to their
location, size, shape, and other building features.
In this chapter, you wil! learn how to extract
information from drawings and specifications
that will enable you to perform assigned vasks
and contribute to the completion of building
projects. Also, you will be shown how to draw,
read, and work from simple shop drawings and
sketches, Information is given on the conversion
of standard weights and measures to the metric
system, and the fundamentals of mathematics as
they apply to building projects.

STRUCTURAL DESIGN

From the Builder’s standpoint, you must
realize that building designs and construction
methods depetid on many factors ans that no
two building projects can be treated alike.
However, the factors usually considered before 2
structure is designed are its geographical location
and the availability of construction materals. 1.
is easy to see why the geographiczl location is
important to the design of a structure, especially
its main parts. When located in a temperate
zone, for example, the roof of 2 structure must
be sturdy enough not to collapse under the
weight of snow and ice. Also, the foundation
walls will have to extend below the frostline to
guard against the effects of freezing and
thawing. In the tropics, a structure will have a
flat or nearly flat roof and be buiit on a concrete
slab or have shallow foundation walls. Likewise,
the availability of construction materials can
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influence the design of a structure. This happens
when matenal is scarce in a geographical
locaiion and the costs of shipping it in are too
high. In such a case, particularly overseas, the
structure is likely to be built with materials
purchased locally. In turn, this could have an
effect on the way construction materials are
used since it means working with foreign
drawings and metric units of weights and
measufes.

STRUCTURAL MEMBERS

By comparing the designs of the two
structures shown in figures 2-1 and 2-2, you will
notice that each is designed according to iis
function. By referring to these figures often, you
will learmn the terminology for common
structural members. Depending on the use of the
structure, you may use any combination of
structural members.

The main parts of a structure are the LOAD-
BEARING STRUCTURAL MEMBERS, which
support and transfer the loads on the structure
while remaining equal to each other. The places
where members are connected to other members
are called JOINTS. The sum total of the load
supported by the structural members at a
particular instant is equal to the towal DEAD
LOAD plus the total LIVE LOAD.

The total dead load is the total weight of {he
structure, which gradually increases as the
structure rises, and remains constant once it is
completed. The total live load is the total weight
of movable objects (such as people, furnitzre,
bridge traffic or the like) v.hich the structure
happens to be supporting at a particular instant.
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Figure 2-1.—Typical light-freme corstruction.

The live loads in a structure are transmitted
through the various load-bearing structural
meinbers to the ultimate support of the earth as
follows. Immediate or direct snpport for the live
loads is provided by HORIZONTAL me:nters,
these are in tum supported by VERTICAL
members; which in turn are supported by
FOUNDATIONS and/or FOOTINGS; and these
are then supported by the earth. The ability of
the earth to support a load is called the SOIL
BEARING CAPACITY. it varies considerably
with different types of soil, and a soil of a given
bearing capacity will bear 2 heavier load vn 2

wide four dation or footing than it will on a
nasrow oue. Figure 2-1 illustrates both
horizomial and vertical members of a typical
light-frame structure. The weight of the metal
roof is distributed over the top supporting
merabers (purlins and rafters) and transferred
througi, ali joining members {0 the soil.
VERTICAL STRUCTURAL

MEMBERS

In heavy cuastruction vertical structural
niembers are high strength ‘columns (fig.
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AMASONRY UNITS

2 e A

—

44(

TCOLUMN IFOOTING NOT. VISIBLE)

-

- .,

\

122.347

Fioure 2-2.—Typical concrete masonry and steel structire,

2.2): they are called PILLARS in large buildings.
Qutside-wall columns and ,nside bottom-floor
cciumns usually rest directly on footings.
" Qutside-wall columns usually extend from the
footing or foundation to the roof line. Inside
bottom-floor columns extend upward from
footings or foundations to the horizontal
members which in turn support the first floor or
roof as shown in figure 2-2. Upper-ficor columns
usually are located directly over lower-floor
columns.

A PIER in building construction might be
called a short column. It may rest directly on a
footing as shown in figure 2-3, or it may be
simply set or driven into the ground. Building

23

piers usually support the lowermost horizeatal
structural members.

In bridge construction 2 pier is a vertical
member which provides intermediate support
for the bridge superstructure.

The chief vertical structural members in light
frame construction are called STUDS (figs. 2-)
and 2-3). They are supported by horizontal
members called SILLS or SOLE PLATES and
are topped by horizontal members called TOP
PLATES or RAFTER PLATES, as shown in
figure 2-1, CORNER POSTS are enlarged studs,
as it were, located at the building corner. In
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TRAUSEED maArYEn

TREAYED FOSY
[F 1143

FOOTING

30LE Hate
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Figure 2-3.—Explodad view of a typical light-frame house.

early FULL-FRAME construction a corner post HORIZONTAL STRUCTURAL

was usually a solid piece of larger timber, In MEMBERS

most modern construction BUILT-UP corner

posts are used which consist of various members In technical temminology, any horizontal
of ordinary studs, nailed together in various loadbearing structural meinber which spans a
ways. space, and which is supported at both ends, is

24
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considered a BEAM. A member which is FIXED
at one =nd only is called a CANTILEVER. Steel
members which consist of solid piec8s of the
regular structural steel are referred to as
STRUCTURAL SHAPES. (A GIRDER is shown
in figure 2-2.) Other prefabricated open web
structural-steel shapes are called BAR JOISTS
(fig. 2-2.

Horizontal structural members  which
support the ends of floor beams or joists in
wood frame construction are called SILLS,
GIRTS, or GIRDERS. depending on the type of
framing being done and the location of the
member in the structure. (See figs. 2-1, 2-2, and
2-3.) Horizonial members which support studs
are called SILLS or SOLE PLATES. depending
on the type of framing. Horizontal members
which support the wall-ends of rafters are called

RAFTER PLATES. Hornizontal inembers wlicl

assume the weight of concrete or inasonry walls
above door and window opemings are called
LINTELS. as shown in figure 2-2,

The honzontal or inclined members wiuch
provide support t0 a roof are called RAFTERS.
(See fig. 2-1.) The lengthwise (right angle to the
rafters) member which supports the peak-ends
of the rafters ir a roof is called the RIDGE. The
ridge may be called a ridge board, the rnidge
piece. or the ridge pole. Lengthvase members
other than ndges are called PURLINS, (See fig.
2-1.) In wood frame construction the wall ends
of rafters are supporied on horizontal memobers
calied RAFTER PLATES, which are in turn
supporled by the outside wall studs. In concrete
or masonry wall construction. the wall ends of
rafters may be anchored directly on the walls, or
on plates bolted 1o the walls.

A beam of gven strength, without
intermediate  supporis below, can support o
given load ove' oniy 2 certain maximum span. 1
the span s wider than this maximum,
intermediate supports. such as a column must be
provided for the beam. Sometimes it IS not
feasible or possible to nstall intermediate
supports. When such 1s the case, a TRUSS may
be used instead of a beam.

A beam consists of « single horizontal
member A truss. however. 1 a [ramework,

consisting ©of two hornizontal (or nearly
horizontal} members. joined together by a
number of vertical and/or inclined members (fig.
2-3). The horizontal members are called the
UPPER and LOWER CHORDS: the wvernca
and/or inclined members are called the WEB
MEMBERS.

TYPES OF DRAWINGS

The building of any structure is described by
a set Of related drawings that give the Builder a
complete sequential graphic description of cach
phase of the constniction process. In 1nost cases.
a set of drawings begins by showwng the location.
boundaries, contours, and outstanding physical
features of the construction sit2 and its
adjoining areas. Succeeding drawings may give
tnstructions tor the excavation and disposition
of existing ground: erection of the foundations
and superstructure. installation of utilities wlich
includes piumbing. heating, lighting, air<con-
ditoning. intenor and exterior fimshes. and
whatever else is required to complete the
structure,

The architect and the engineer. working
together, decide upon the materials t© be used in
the structure and the constiuct:on methods
which are 10 be followed. The engineer
determines the loads which supporting members
will carty znd the strength qualities the mem bers
must have 1o bear the lpads. The engineer also
designs the mechansca) systems of the structure,
such as the iighting, heating, and plumbig sys-
tems. The end-result 1s the preparation of archi-
tectural and engineening DESIGN SKETCIHHES.
The purpose of these sketches I1s t0 guide
draftsmen n the preparation of CONSTRUC-
TION DRAWINGS.

CONSTRUCTION DRAWINGS

Geaerally, construction {working) drawings
fumish enough information for the Builder (0
complete an entire project, Normally. they
incorporate all thre¢ main groups of drawings.




BUILDER 3 & 2

7 = P St
SECTIONS
BRICK
PREERR R
AT, =7 1.1 N
ELEVATIONS
CONCRETE
EARTH ROCK SAND WATER AL MA:ERIALS
SECTIONS ELEVATIONS
EARTH, ETC
GLASS  PLASTER TILE GLASS  PLASTER TILE
SECTIONS ELEVATIONS
GLASS, ETC
A A U O
ALUMINUM BRASS,ETC CASTIRON  STEEL
SECTIONS ELEVATIONS
METALS
N B
CAST cuT RUBBLF cuT
SECTIONS —
STONE
72 B8 IR
END FINISH ROUGH GRAIN FINISH SIDING
SECTIONS ELEVATIONS
wQGoD
45.271(458)4

Figure 2-4 —Architectuesl symibols for plans and elovations recommended by the American Standards Association.
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the archicctural, electrical, and mechanical. In
drawings for simple struciures, this grouping
may be hard to discern, because the same single
drawing inay contain both the electrical and
mechanical layouts. In complicated structures,
combination of layouts are not possible becaise
of overcrowding. In this case, the flootr plan may
be traced over and over for drawings for the
electrical and mechanical layouts.

However, if any one of the thrée matn
groups of drawings furnish enough information
for the tradesman to complete a project, it is to
be considered a construction drawing. Normally.
construction drawings will include the detail
drawings, assembly drawings. bill of materials,
and the specifications.

A detajl drawing shows a particular item on
a larger scale than that of tlie general drawing in
which the item appears—or it may show an item
too small to appear at all on a general drawing.

An assembly drawing i¢ either an extenor or
sectional view of an object showing the details 1n
the proper relationship to one another. Usually
assembly drawings are drawn to a smaller scale
from the dimensions of the detail drawings.
which provide a check on the accuracy of the
design of the detail drawings and often dis¢loses
eIrors.

Depending on the space gyvailable on the
drawing sheet, the bill of materials may be
incorporated in the drawing: otherwise, it 15
listedd on a separate sheet. The bill of materials
lists the quantities, tyves, sizes, and units of the
materials required to construct: the object
presented in the drawing.

The specifications are normally found on a
separate shzet and convey a complete
description of the work to be done in a brief,
c¢lear, and concise manner. They will state the
actual minimum needs of the government and all
other known conditions, directly and explic'tly.

Construction drawings consist mostly of
ORTHOGRAPHIC views prepared by draftsmen
employing the standard technical drawing
techniques, symbols, and other designations, as
explained i MIL-STD-14, MiL-5TD-17-1, and

MIL-STD-100B. Figure 24 illustrates the
conventional symbols for the more common
types of inaterial used on structures. A thorough
study of the symbols should be nade before
proceeding further with this chapter. Figure 2-5
shows the nore ccmmon symbols used for doors
and windows. Figures 2-6, 27, and 2-8, show
cominon plumbing, leating, and electrical
symbhols respectively. General drawings consist
of plans {(views from above} and elevations (side
or {ront views), drawn on a relatively small scale.
The first section of the construction drawings
consists of the plot or site plans, foundation
plans. floor plans, and framing plans.

Plot Plans

A plot plan (fig. 2-9) shows the contours,
boundanes, roads, utilities, trees, structures, and
any other siemaficant physical features on or near
the construction site. The locations of proposed
stiuctures are shown in outline. The plan shows
conier locations with reference to reference lines
sitown on the blot and which can be located 4t
the «ue. Thus. the plot plan furnishes the
essential data for laying out the building,

By showing both existing and fimsh
contours, it furnishes essential data for the
praders.

Foundation Fians

A foundation plan (fig. 2-100 15 a plan view
of a structure as it would look if projected onto
a horizontal plane passed through the structure
shghtly below the level of the top of the
foundation wall. The plan in figure 2-10 shows
that the main foundation wili consist of 12 in,
and 8 in. concrete masonty unit (CMU’s) walls
measunng 28 ft lengthwise and 22 ft crosswise.
The lower portion of each lengthwise section of
wall will be 12 in. thick. to provide a concrete
ledge 4 in. wide.

A girder ninning through the center of the
building will be supponed at the ends by twe
4-by 12-in. concrete pilasters which will butt
aguinst the end foundatron walls. Intermediate
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DOOR SYMBOLS '
. TYPE SYMBOL

SINGLESWING Wi TH TNRESHOLD tH
EXTERIOR WA SONRY WALL

SINGLE DOCR, DPEMING IN | ] l i
h E 3

DOU BL E DOOR, OP ENING OUT -\/- Y
- 4 |

7

| ]
SINGLE-SWING WITH THRESHOLD IN ; | f 3
EXTERIOR FRAME WALL
SINGL E DOOR, OPENING OUT P smm—

T———— 4

A

& i r Y - -
DOUBL E DDOR, DPENING IN J_/\ _A_ .
< REFRIGERATOR DOOR
WINDOW SYMBOLS
TYPE SYMBOL,
WOOD OR METAL METAL SASH IN WOOD SASH iN
SASH IN FRAME MASONRY WALL  MASONRY WALL
WALL
== Y A—V
DOUBLE HUNG
— == Y—R TA—=7%
CASEMENT

_,_' A e A
« QPENING QU T ; ; -

SINGLE, OPERING IN j

—t

N

Figurs 2-6.—Architectural symbols {doors snd windows).

85.112

2-8

ERIC | _ .

PAFullToxt Provided by ERIC




Chapter 2-DRAWINGS AND SPECIFICATIONS

WLLUSTRATED SYMBOLS
( THREADED)

GO"ELBOWS ~ — v mmemmmmm e [ l _________ l
STRAIGHT TEE o oo e = — [ [ ________ l

REDUCING TEE -----..._._._“ II [l _______ |
4 4
SINGLE SWEEP TEE — - — — —~ — ni—ﬂ ________ [ -7- |

SHOWER STALL

Figure 2-6,—Common plumbing symbols.
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CTO—T0 RADIATOR,

RADIATOR, FLOOR

VENTILATOR,
COWL: ROUND OvVAL

DAMPER, VOLUME

HEAT
TRANSFER SURFACE

HEATER,
CONVECTION

HEATER UNIT,
CENTRIFUGAL FAN

HEATER UNIT,
PROPELLER TYPE

WALL

[C——=] VENTILATOR UNIT

_EJ_.

HEATER, DUCT TYPE

=~ DAMPER

=
Ny

G

R

VENTILATOR,
STANDARD ROOF

FAN., AXIAL
WITH PREHEATER
FREE INLET

FAN,
CENTRIFUGAL

DAMPER,
DEFLECTING DOWN

DAMPER,
DEFLECTING UP

bucT

puCcT,

DIRECTION OF FLOW IN

VAMNES

GRILLE

REGISTER

Figure 2-7.—Heating symbols.
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KNIFE
SWITCH
DISCONNECTED

©
©
o
Q,
O
&
I
©
(¢}

LAMPHOLDER,
CEILING
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SPECIAL
PURPOSE
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Figure 2-8,—~Electrical symbals.
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Figure 2-10.—Foundstion plan,

support for the girder will be provided by two
_12- by 12-in. concrete piers, each supported on
18- by 18-in. spread footings 10in. deep. The
dotted lines around the foundation walis
indicate that these walls will also rest on spread
footings.

Floor Plans

Figure 2-11 shows the manner in which a
floor plan is developed. An architectural or
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structural floor plan shows the structural
characteristics of the building at the level of the
plane of projection. A mechanical floor plan
shows the plumbing and heating systems and
any other mechanical appurtenances other than
those which are electrical. An electrical floor
plan shows the electrical lighting system and any
other systems which are electrical.

Figure 2-12 shows an architectural floor
plan. 1t shows the lengths, thicknesses, and
character of the outside walls and partitions at

’
(.!.‘j
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PRF ¥10US PERSPECTIVE VIEW AT
CUTTING PL ANE WXYZ, wxYZ
TOP REMOVED

PERSPECTIVE VIEWOF A
BUILDeNG SHOWING  CUTTING
PLANE WXY

OEVELOPED FLOOR PLAN

45514

Figure 2.11.~Floor plan development.

the particular floor level. It also shows the
number, dimensions, and arrangement of the
rocoms, the widths and locations of docrs and
windows, and the locations and character of
bathroom, kitchen, and other utility features.
Study figure 2-12 carefully. In dimensioning
floor plans, it is very important to check the
overall dimension against the sum of the partial
dimensions of each part of the structure.

Elevations

The front, rear, and sides of a structure, as
they would appear projected on vertical planes,
are shown in elevations. Elevations for a small
building are shown in figure 2-13. They show
that the wall surfaces of this house will consist
of brick and roof covering of composition
shingles. The top of the rafter plate will be
8 ft 2 1/4 in. above the level of the finished first
floor, and the tops of the finished door and
window openings 7 ft 1-3/4in. above the sanie
level. The roof will be a gable roof and will have
4 units of rise forevery 12.

Each window shown in the elevations is
identified by a capital letter. Figure 2-14 shows
a window schedule applying to the same
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building. The schcdu@shows the dimensions of
the finished opening and the character and
dimensions of the lintel for each window. For
window A, for example, the lintel wiil consist of
an angle combined with a channel, for each of
the other windows the lintel will consist of two
angles. The schedule indicates that the sash will
be metal casement sash. The dotted lines on the
elevations show how each section of sash will
swing.

Framing Plans

Framing plans show the size, number, and
location of the structural members (steel or
wood) constituting the building framework.
Separate framing plans may be drawn for the
floors, the walls, and the roof. The floor framing
plan must specify the sizes and spacing of joists,
girders, and columns used to support the floor.
Detail drawings must be added, if necessary, to
show the methods of anchoring joists and girders
to the columns and foundation walls or footings.
Wall framing plans show the location and
method of framing openings and ceiling heights
so that studs and posts can be cut. Roof framing
plans show the construction of the rafters used

e e e — e e e e e e e e e ——— gt e
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Figure 2-12.—Ficor plan.
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Figure 2.13.—Elevations.

to span the building and support the roof. Size,
spacing, roof slope. and all details are shown.

FLOOR. -Framing plans for floors are
basically plan views of the girders and joists. The
unbroken double-line symbol is used to indicate
joists, which are drawn in the positions they will
occupy in the completed building. Double
framing around openings and beneath batliroum

SCHEDULE, FOR METAL CASEMENT SASH
SYMBOL SIZE LINTEL

345 5A -2 m‘u'xﬁh“xag
2347 X A-2%p" |L2Us4X3° XN
I-34° % 4235 | ~ -
131" 3~2° ) - -

e A2 I -

45.519
Figure 2-14.-Window scheduls for building shown In
figure 2-13.

fixtures is shown where used. Figure 2-15 shows
the manner of presenting floor framng plans.

1. Bridging is aiso shown by a double.line
symbol wiwich runs perpendicular to the joists.
The number of rows of cross bndging is
controlled by the span of the joist, they should
not be placed more than 7 or 8 ft apart. A 14-ft
span needs only one row of bridging, but a 16-ft
span needs two rows.

2. Notes identify floor openings, bridging,
and girts or plates. Use nominal szes in
specifying lumber.

3. Dimensions need not be given between
joists. Such information is given along with
notes. For example, 1" x 6’ joists @ 20" ¢.c.,
indicates that the joists are to be spaced at
intervals of 2ft 0in. from center to center.
Lengths may not be indicated in framwmng plans,
the overall building dimensions and the




Chapter 2-DRAWINGS AND SPECIFICATIONS

'y

’H’

I H |

| —

2-1" 23"
BRIDGING

I

2"x8 COMMON

A\

JOIST

I

T

F;l.

£
o
™
L
=4
7]
b1
)

=

|

|

T criPPLE JoisT

L

HOLE

T

CHIMNEY

I I
Il

il

HEADER

|ST-(J“

1[] TrIMMER vo

111

N UL L

1L

CRIPPLE JOI§ T

STAIRWELL

T~ HEADER

o
[=]
p=
-
o

—tll] N Su—k } i -

TRIMMER—

«— BRIDGING

328"
/ SILL

Figure 2.15.~Floor framing pien,

dimensions for each bay or distances between
columns or posts provide such data.

ROOF. -Framing plans for roofs are drawn
in the same manner as floor framing plans. A
Builder should visualize the plan as looking
down on the mof before any of the
sofing material (sheathing) has been added.
Rafters are shown 1n the same manner as
JoIsts.

Sections

SECTIONAL VIEWS, or SECTIONS. pro-
vide important information as tc height,
materials, fastening and support systems, and
concealed features. They show how a structure
looks when cut vertically by a cutting plane. The
cutting plane is not necessarily continuous, but,
as with the horizontal cutting plane in building
plans, may be staggered to include as much
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PERSPECTIVE VIEW

TYPICAL SMALL BUILDING SHOWING CUTTING PLANE A~A AND SECTION
DEVELOPED FROM THE CUTTING PLANE

Figure 2-16.—Development of a section view.

construction information as possible. Like
elevations, sectibnal views are vertical
projections. Being detai} drawings, they are
drawn to large scale. This facilitates reading and
provides information that cannot be given on
elevation or plan views. Sections are classified as
TYPICAL and SPECIFIC. Figure 2-16 shows the
initial development of a section. A typical
section is illustrated in figure 2-17.

Typical sections represent the average
condition throughout a structure and are used
whén construction features are repeated many
times. Figure 2-:7 shows wall section A-A of the
foundation plan in figure 2-10. 1t shows the
construction details which are repeated at
regular intervals throughout the building. Study
figure 2-17 very closely. You can see that it gives
a great deal of information that is necessary for
those performing the construction of the
building.

The foundation plan shown in figure 2-10
shows that the main foundation of this structure
will consist of a 22- by 28t concrete block
rectangle. Figure 2-17, which is section A-A of
the foundation pian, shows that the front and
rear portion of the foundation (28 ft
measurements) are made of 12- by 8 by [6-in.
CMU's centered on a 10 by 24-in. concrete
footing to an unspecified height. These are
followed by 8in. CMU’s which form a 4 in.
ledger for floor joist support on top of the {2in.

units, and serve to form a 4in. support for the
brick facing which is to begin an unspecified
depth below ground level. The main wall 3s then
laid with standard 2 1,2- by 4- by 8-in. face
brick backed by 4- by 8- by 16-in. CMU's.

47181167 BLOCK BACKING
prdue”
BRICK FACING

Su8 TLOOR

GROUND 2h 8 JOISTS
LINE

274 PLATE

88 16" Cuu

12°187006” CMY

“lae 1071247 CONCRETE
FOOTIAr

SECTION &-4

133.420
Figura 2 17.-Section A-A illustrates a typical section of
a masonry building.
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The foundation plan shown in figure 2-10
also shows that both side walls (221t
measurements) are 8in. thick centered on a
16 m. concrete footing 10 an unspecified height.
Section B-B (hg. 2-18) illustrates the
PILASTER, a specific section of the wall to be
constructed for support of the girder. It shows
that the pilaster 1s constructed of
12-by &by 16in. CMU’s alternated with
4- by 8 by 16-in. and 8- by & by 16-in. CMU’.
The hidden lmes (dashed lines) on the 12 in.
wide units indicate that the thickness of the wall
beyond the pilaster is 8 in. thick. Note how the
extra 4in. thickness of the pilaster provides a
center support for the girdes, which in tum will
support the floor joists.

Details

Details are large-scale drawings showing the
builders of a structure how its vanous parts are

FOUNDAT 'ON

Frang” ¢
BLOCK BACKNG

e BRICK FaliNG

et o

FLOGOR JO1STS

DRD

214" pLatTE

GMOER-3pCs- GROUND LiNE

2!3/

8187306 " BLOCK
PILASTER SECTION

"1} CROSS
BRIDGING 2
MINIMUN

|

«18%16" BLOCK
PILASTER SECTION

)fz’na“us' BLOCK
PILASTER SECTION

101 20"124” CONCRETE ‘- |
PHASTER FOOTING — t '

SECTION B-8

133.421
£igure 2-18.-Wall section B-B ;hows a pilaster, a specific
section of a concrete masonty unit wall.

in be conuected and placed. Details do not use
the cutting plane indication, but they are closely
related to sections, in that sections are often
used as parts of detail drawings. The
construction of doors, windows, and eaves is
customan y shown in detail drawings of
buildings. (See fig. 2-19.) Detail drawings are
used whenever the information provided in
elevations, plans, and sections iS not clear
enough for the constructors on the job. They are
usually grouped so that references may be made
more easily from the general drawing.

A

SHEATHING

INSIDE WALL
ol COVERING

SIDING —————mt

HEADERS
/

BUILDING PAPER

ORIP CaP INSIDE HEAD

CASING

OUTSIDE
HEAD CASING =

HEAD JAMB

st

SECTION THROUGH HEAD JaMmB

UPPER-LOWER CORNER DETAILS
WINDOW FRAME

45.501:.502
Figure 2-19.—Door and window details.
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Schedules

General notes usually aré grouped according
to materials of construétion in a tabular form
and are called a SCHEDULE. As used in this
training manual, the category, General Notes,
refers to all noteg on the drawing not
accompanied by a leader and arrowhead. Item
schedules for doors, rooms, footings, and so on
are more detailed. Typical door and window
schedule formats are presented below.

1. Door Schedule. The doors shown by
symbol in a plan view may be identified as to
size, type, and style with code numbers placed
next to each symbol. This code number, or
mark, is then entered on a line in a door
schedule and the principal charactenistics of the
door are entered in successive columns along the
line. The No. column allows a quantity check on
doors of the same design as well as the total
number of doors required. By using 1 number
with a lettcr, the mark can serve a double
purpose: the number identifies the floor on
which the door is located, and the letter
identifies’ the docr desipnwise. For example,
mark 1-D would :aeas d2cr style D on the first
floor. The se 1ence of door sizes are written in
width by height by thickness. Tk description
column allows identification by type (panel,
flush), style, and material. The remarks column
allows reference to the appropriate dJetail
drawing. The schedule is 2 convenient way of
presenting pertinent data without making the
Builder refer to the specificaticns. A typical
door schedule follows:

Description| Remarks

Flush— Doubte door

hinged

Single door
liinged

Panel -

2. Window Schedule. A window schedule is
similar to a door schedule for providing an
organized presentation of the significant window

2-20

-
#t)

characteristics. The code mark used in the
schedule is placed next to the window symbol
that applies on the plan view or elevation view,
{See figs. 2-13 and 2-14.) A similar window
schedule follows:

.

No. Mark | Size

Description Remarks

W-115x9 | Double Hung] Slide from
bottom to .
top and

top to bot-

tom

Hinged at
top

Casement

ARCHITECTURAL
DRAWINGS

The design of any structure represents close
wooperation between architects and engineers.
One of the principal factors influencing the
design of a structure is its function, that is, the
use for which it is intended. In the case of a
building. factors, such as overall size, external
appearance, arrangement of internal space, and
number, size, and kind of doors, windows, and
fittings are the responsibility of the architect.
The structural engineer prepares Jdesign sketches
of the structure based upon calculations
concerned with the strength of the supporting
members. In addition, the mechanical systems of
a building, such as plumbing, lighting, heating,
ventilating, and air conditioning are designed by
mechanical/electrical engineers rather than
archirects. The architect and engineer determine
the construction materials to be used and
methoas of construction. T

MECHANICAL DRAWINGS

Mechanical drawings include all drawings
and notes which have somethirig to do with
water supply, sewags systems, drainage, heating
and ventilating systems. refrigeration, air-
conditioning, POL {Petroleum, Oils. <nd
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Lubnicants), and the gas supply system. 1t may
also include other drawings tiat are necessary to
properly present the system in relation to the
other portions of the project, such as site plans,
grading plans, and building layouts.

The symbols that are used tn a mechanical
drawing are shown in figures 2-6 and 2-7. They
should be drawn in heavier lines than the guthne
of the floor plan.

ELECTRICAL DRAWINGS

Electrical drawings consist of those relating
to electric power and wire communication
systems. An electrical drawing includes the
electrical distribution system. electrical wirng,
lighting system, telephone system, and the Like.
As in mechanical drawings. electrical drawings
may also include other drawings that are
necessary to tie 1n the system with the rest of
the project.

The symbols used n elecincal drawmngs are
shown n figure 2-8. Ordinary electrical drawings
for structures are easy to make. except for the
detads which require more time. because they
are generally shown in {ifferent views and
sections. Or 1n a pictonial form.

SHOP DRAWINGS

Shop dJrawings are drawmng.. schedules,
Jdiagrams, and other data prepared by the
contractor (Builder) to illustrate some portion
of the work. As a Buider, you will be required
to draft shop drawings for minor shop and field
projects. They may mclude shop items such as
doors, cabinets, and smali portable buiidings,
prefabricated berthing quarters, and mods-
fications of existing structures,

Shop drawings are prepared from portions of
destgn drawings, or from freehand sketche:
based on the Bwider's past building expenence.
They must include enough information for the
crew to complete the job. Normally. the Bunlder

would tase the amount of required Jdetailing on
the level of experience of the crew expected to
vomplete the project. When an expericnced
bulding crew will be doing the work. it would
not be necessary to show all the fine stundard
details.

Whers making actual drawings 1t s
recommended  that templates be used for
standard symbols, if t*  are available. Use of
standard technical ng techniques 1s
recommended, but not mandatory. [For
techniques tn the skill of drawing, refer to
Blueprint Reading and Sketching. NAVEDTRA
10077-E.

BILL OF
MATERIALS

A bl of matenals 15 a tabulated statement
of matenal requirements for a given project.
(Sce fig. 2-20.) It contairs nformation. such as
stock numbers, unit of issue, guantity, hne item
number. description. vendor, and cost.
Sometimes the bl of matenals will be
submitted on  matenal estimate  sheets. or
matertdl takeoff sheets, but ea~h will contamn
sim#ar information. Actuaily, a btll of material
15 a grouped compilation based on takeoflfs and
estimates of all matepal needed to complete a
structure. The takeoff usually is an actual tally
and check-off of the 1tems shown, noled, or
specified on the construction drawings and
specifications. The esttmated Quantities are
those known to be necessary but which may not
have becn placed on the drawings, such as nails.
cement, concrete-form lumber and tie wire,
temporary bracing or scaffold lumber, and so
on. These are calculated from the knowledge of
construction methods that will be used for field
rection.

Most NAVFAC drawings will contain a bill
of materials incorporated within the drawings.
As a crew leader, you will find 1t useful in
identifying  the materials ordered for your
project. You van determine whether all matenals
are actudlly on site pnor to starting the project
or have been ovetlooked and must be placed on
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order to insure timely zompletion of your
project,

SPECIFICATIONS

Construction drawings are supplemented by
written SPECIFICATIONS, commonly referred
to as SPECS. Specifications give detailed
instructions regarding materials and methads of
constiuction. They cover various factors relating
to the job. such as general conditions, scope of
work, quality of materials, standards of
workmanship, and protection of finished work.
The drawings and specifications define the
project in detail and show how it is to be
constructed. Usually, any set of drawings for an
important project is accompanied by a set of
specifications. Actually, in such a case, the
drawings and specifications are inseparable; the
drawings indicate what the specs did not cover:
and the Specs indicate what the drawings did
not poriray, or it clarfies further details that
have not been covered amply by the drawings
and notes.

Specifications usually begin with a GEN-
ERAL REQUIREMENT for the struciure,
stating type of foundation, character of
load-beanng members t wood-frame, steeil-frame,
concrete), type or types of doors and
windows, types of mechanical and electrical
installations, and the principal function of the
building.

Next come the SPECIFIC CONDITIONS
which must be carried out by the constructors.
These are grouped in divisions under headings
applying to each major phase of construction, as
in the following typicat list of divisions.

2.~-S{ITE WORK 3.-CONCRETE 4.-
MASONRY 5.~METALS 6.--CARPENTRY 7. -
MOISTURE CONTROL 8.-DOORS, WIN-
DOWS, AND GLASS 9.-FINISHES 10.-
SPECIALITIES 11.-EQUIPMENT 12.-FUR-
NISHINGS 13.-SPECIAL CONSTRUCTION
14.--CONVEYING SYSTEMS 15.-MECH-
ANICAL anid 16,-ELECTRICAL.

of these general
with  GENERAL
category. For

Sections under one
categories generally begin
REQUIREMENTS for that

 example: under DIVISION 6.—CARPENTRY.

the first section might read:

6-01.-GENERAL REQUIRE-
MENTS.-All framine. rough carpentry,
and finishing woodwork required for the
proper completion of the building shall
be provided. All woodwork must be
protected from the weather, and the
building shall be thoroughly dry before
the finish is placed. All finish shall be
dressed, smoothed, and sandpapered at
the mill, and, in addition, must be
‘hand-smoothed and sandpapered at the
wilding, when necessary to ‘produce
proper finish. Naling shall be done, as
far as practicable, in concealed places,
and all nails in fimshing work shall be set
{mecaning to drive heads stightly below
the surface with a hammer-driven tool
called a “nail set™).

All lumber shall be S48 (surfaced
four sides); all materials for millwork
{doors, window sash, and the like) and
finish shall be kiln-dred {meaning  dned
of “cured” in heated kilns, rather than
simply air-dried), all rough and framing
Jumber shall be air- or kiln-dricd
(meaning. absolutely no “green” lumber
to be used).

Any cutting, fitting, framing, and
biocking necessary for the accom-
modation of other work shall be
provided. All nails, spikes, screws, bolts,
plates, clips, and other fastening and
rough hardware (a whole list of items
too small or too numerous to be shown
on the drawings) shall be provided. All
finishing hardware shall be installed in
accordance with the manufacturer’s
instructions. Calking and flashing (thin
sheets of metal or other material,
installed around window openings,
chimney openings, and at other places
where leakage might occur; shall be

L - O U
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provided where indicated or where
necessary to provide weathertight
construction.

Subsequent sections under division 6.-CAR-
PENTRY would specify various quality criteria
and standards of workmanship for the various
types of rough and finish carpentry, as, for
example:

6—-07.—-STUDDING for walls and
partitrons shall have doubled plates and
doubled caps. Studs shall be set plumb
and not to exceed 16 in. centers and in
true alinement. They shall be bridged
with one row of 2x4 pieces, set
flatwise and fitted tightly, and nailed
securely to each stud. Studding shall be
doubled around openings, and the
headers for openings shall rest on the
inner studs. Openings more than 4-ft
wide in partitions shall have trussed
headers. Studs shall be trebled at comers
to form comer posts.

With very few exceptions, the matenal used
by the SEABEES is covered by a Government
spec, a NAVFAC spec, a Federal spec, or a
Military spec. Commercial specs may be used in
conjunction with Government specs for
specialized materials.

1t 1s very 1mportant that the proper spec be
used to cover the material requested. In cases in

which the material is not covered by a
Government spec, the ASTM {American Society
for Testing Materials) spec or some other
approved commercial spec may be used. It is
EXTREMELY IMPORTANT when specifi-
cations are used to cite all amendments,
inctuding the latest changes.

As a rule, the specs are provided for each
project by the A/E (ARCHITECT-ENGINEERS).
They are OFFICIAL guidelines approved for use
during construction by the Commander,
NAVFAC or his representative. They should
NOT be deviated from without prior approval
from propet authority. This approval is usually
obtained by means of a change order. When
there 1s disagreement between fhe specifications
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and drawings, the specifications should normally
be followed; however, check with higher
authority in each case. Many claims have been
made against the govemment as a result of
inconsistencies or ambiguities between
specifications and drawings.

FREEHAND SKETCHES

As a Builder you must be able to read and
work from drawings and specifications, and to
make quick, accurate sketches when it comes to
conveying technical information or ideas.

One of the main advantages of sketching is
that few materials are required. Basically al] you
need are a pencil and paper. However, the type
of sketch prepared and your personal preference
will determine the material used.

Most of your sketches will be done on some
type of scratch paper. The advantage of
sketching on tracing paper is the ease with which
sketches can be modified or redeveloped simply
by placing transparent paper over previous
sketches or existing drawings. Cross section or
graph paper may be used to save time when you
are required to draw sketches to scale.

For making dimensional sketches in the
field, you will need some sort of measuring tape
or pocket rule, depending on the extent of the
measurements taken.

In freehand pencii sketching draw each line
with a series of short strokes instead of with one
stroke. Strive for a free and easy movement of
your wrist and fingers. You peed not be a
draftsman or an artist to prepare working
sketches. Sketches which you will prepare may
be for your own use or for use by other
crewmembers.

An exampie of a freehand sketch is shown in
figure 2-21. The sketch was devcloped for use
within the kitchen of the floor plan (See fig.
2.12.) The sketch depicts different construction
phases to be considered by the BU when
engaged in putiing together low-<ost interior
finish kit.hen cabinets. Freehand sketches are

e e e e e L S ——
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Figure 2-21.—Freehand sketch,
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prepared by the crewleader responsible for the
job. Therefore, any information may be
included which will make the prolect more
.understandable. By following the above
procedure, you should be able to sketch
freehand from any plans covering building
operations. Sketches need not be prepared in
great detail.

BUILDING MATHEMATICS

The Builder has many occasions for the
employment of the processes of ordinary
arithmetic, und you must be thoroughly familiar
with the methods of determining the greas and
volumes of the various plane and solid
geometrical figures. For more detailed
explanations in the procedures for working area
zad volume problems refer to Mathematics,
Vol.1, NAVPERS 10096-C. Only a few
practical applications and suggestions for the
Builders use are given here.

RATIO AND PROPORTION

Ratio and proportion and the manner of
solving proportional equations are explained in
Mathematics, Vol. 1. There are a great many
practical applications of ratio and proportion in
the construction fieid. A few examples are as
follows:

Some dimensions on construction drawings
(for example, distances from base lines and
elevations of surfaces) are given in ENGINEER’S
instead of CARPENTER’S measure. Engineer’s
measure is measure in feet and decimal parts of a
foot, or in inches and decimal parts of an inch,
such as 100.15 ft or 11.14in. Carpenter’s
measure is measure in yards, feet, inches, and
even-denominator fractions of an inch, such as
1/2in., /4in., 1/16in., 1/32in,, and 1/64in.

You must know how to convert an
engineer’s measure Biven on a construction
drawing to a carpenter’s measure. Besides this, it
will often happen that calculations you make
yourseif may produce a result in feet and
decimal parts of a foot, in which you will have
to convert the results to carpenter’s measure. To
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conver! engineer’s to carpenter’s measure you
can use ratio and proportion as follows:

Let’s say that you want to convert 100.14 ft
to feet and inches to the nearest 1/16in. The
100 you don't need to converl, since it is
already in feet. What you need to do, first, is to
find out how many twelfths of a foot (that is,
how many inches) there are in 14/100 ft. Set
this up as a proportional equation as follows:
x:12::14:100.

You know that in a proportional equation
the product of the means equals the product of
the extremes. Consequently, 100x =(12x 14),
or 168. Then x = 168/100, or 1.68 in. The next
question is, how many 16ths of an in. are there
in 68/190in.? Set this up, 100, as a proportional
equation, thus: x:16::68:100. Then
100x = 1088, and x = 1088/100 sixteenths.
Since 88/100 of a sixteenth is more than
one-half of a sixteenth, you ROUND OFF by
calling it 11/16. In 100.14 ft, then, there are
100 ft 1 11/16 in. For example:

A. means
x:12::14:100
R
Extremes
Product of extremes = product of means:
100 x =168
x = 1.68in.
B. x:16::68:100
100 x = 1088
x=10.88

x=10 -%%sixteemhs

Rounded off to 11/16

Another way to conver! engineer’s measure-
ments to carpenter’s measurements is to : ..il-
tiply the decimal portion of a foot by 12 to get
inches, multiply the decimal by 16 to get the
fraction of an inch.
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There are many other practical applications
of ratio and proportion in the construction field.
Suppose, for example, that a table tells you that,
for the size and type of brick wall you happen
to be laying, 12,321 bricks and 195 cuft of
mortar are required per every 1000 sqg ft of wall,
How many bricks and how much mortar will be
needed for 750sq ft of the same wall? You
simply set up equations as follows:

Brick: x:750::12,321:1000
Mortar: x:750::195:1000

x _ 12,321 Cross

Brick: 4z = “1000 multiply

1000 x = 9,240,750  Divide
x = 9,240.75 = 9241 Brick.

Mortar:

1000 x = 146,250 Divide
x=146.25= 146 1/4 cu ft

Suppose, for another example, that the
ingredient proportions by volume for the type
of concrete you are making are | cu ft cement
to 1.7 cuft sand to 2.8 cu ft coarse aggregate.
Suppose you know, by re»rence to a table, that
ingredients combined in . ¢ amounts indicated
will produce 4.07 cu ft of concrete. How much
of each ingredient will be required to make a
cu yd of concrete?

Remember here, first, that there are nct 9,
but 27(3ftx 3ftx3ft)cuft jn a cu yd. Your
proportional equations will be as follows:

Cement; x:27::1:4.07
Sand: x:27::1.7:4.07

Coarse aggregate: x:27::2.8:4.07

.63 cu ft cement

X =

2:27

Sand: x:27::1.7:4.07

-..E._'.-. —-]?
21 4.07
407 x= 459

x=11.28cu t_'tsand

Coarse aggregate: x:27::2.8:4.07

X .28
27 4.07
407, =756
x = 18.57 cu ft coarse
aggregate
ARITHMETICAL
OPERATIONS

The formulas for finding the area and
volume of geometric figures are expressed in
algebraic equations which are called formulas. A
few of the more important formulas and theis
mathematical solutions will be discussed in this
section.

Te get an area, you multiply 2 linear
measures together, and to get a volume you
multiply 3 linear measures together. The linear
measures you multiply together must all be
expressed in the SAME UNITS; you cannot, for
example, multiply a length in feet by a wiithin
inches to get a result in square feet or in square
inches.

Dimensions of a fez_stureﬁl a construction
drawing are not always givert in the same units.
For a concrete wall, for ex @nple, the length and
height are usually given in fpet and the thickness
in inches. Furthermore, yoh may want to get a
result in units which aref different from any
shown on the drawing. (oncrete volume, for
example, is usually expréssed in cubic yards,
while the dimensionis of £oncrete work are given
on the drawings in feet"and inches.

ourseif a good many stepsin
y using fractions to convert the
original dimension units into the desitz
end-result units. Take 1in., for example. To
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express 1in. in feet, you simply put it over 12,
thus: 1/i2ft. To express 1in. in yards, you
simply put it over 36, thus: 1/36 yd. In the same
manner, to express 1 ft in yards you simply put
it over 3, thus 1/3 yd.

Suppose now that you want to calculate the
number of cu yd of concrete in a wall 32 ft long
by 14 ft high by 8 in. thick. You can express all
these in yards and set up your problem thus:

32,14 8
373736

Next you can cancel out, thus:

X

16

M, b
X8
J’g -

Dividing 896 by 81, you get 11.06 cu yds of
concrete 1n the wall.

The right triangle is a triangle which contains
one right (90°) angle. The foliowing letters will
denote the parts of the triangle indicated in
figure 2-22-a=aititude, b =base, ¢ = hypot-
enuse.

In solving a right triangle, the length of any
side may be found if the lengths of the other
two sides are.given. The combinations of 3.4-3
(lengths of sides) or any multiple of these
combinations will come out to 3 whide number.
The following examples show the formua for
finding each side. Each of these formulas is
derived from the master formula ¢® =a® + b2,

(1} Find cwhena=3,and b= 4,
e=y/al+b? 2 30447 = BT 16~/25=6
{2) Find a when =8, and ¢ = 10.

a=/e? b7 =\ /107 67 - /70064 =\ /F6 ~ 6

(3) Find b whena=9,and ¢ = 15.
bey/e? -2 wy/157.9% =, /225 - 81 =y /744 ~ 12

There are tables from which the square roots
of munbers may be found; otherwise, they .nay

C= HYPOTENUSE

Az ALTITUDE —"

8
B=BASE

RIGHT TRIANGLE

cuM FE Rs,,/
o Co

DIAMETER
'RADIUS

CIRCLE

133.%
Figure 2.22.--Right triangle and circle.

be found avithmetically as explained later in this
chapter.

Areas And Volumes Of
Geometric Figures

This section on areas and volumes of
geometric figures will be limited to the most
commonly used geometric figures. Reference
books, such as Mathematics, Vol. 1, are availabie
for additional information if needed. Areas are
expressed in square units and volumes in cubic
units.

1. A circle is a plane figure bounded by a
curved line in which every point is the same
distance from the center.

a. The curved lin< js called the circum-
ference.

2-28
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. A straight line drawn from the center
to any point on the circum ference is
called a radius. {r = 1/2 the diameter.)

. A straight line drawn from one point
of the circumference through the
center and terminating on the
opposite point of the circumference
is called a diameter. (d = 2 times the
radius.) See figure 2-22,

. The arez of a circle 1s found by the
following forrulas: A=m? or A=
.7854 d*. (7 1s pronounced
pie=3.1416 0or 3 1:7,.7854is !/4 of
7.) Example: Find the area of a circle
whose radwsis 7. A=swri=31/7x
73 = 22/7x49= 154 sqin. If you use
the second formula you obtain the
same resul(s,

. The circuinference ot a circle 1s tound
by multiplying # times th¢ diameter
or 2 times 7 times the radins.
Example. Find the circumference of
a circle whose diameter is 56 mches
C=nad = 3.1416x 5p = 1759296
inc hes.

2. The area of a night tnangle 1s equal to
one-half the product of the bhase by the alotude,
(Area = 1/2 base x altitude.) Example. Find the
area Of a tnangle whose bhase 1s G n. and
altitude & 1n Solution

A= 12bh=1-2x 16 % 6 =48 n.

3. The area of a rectangle 1s found by
multiplying 1ts length by 1ts width.

A=LxW

Example. Find the area of a rectangle when the
lengthis 12 fc and its width 9 £t Solunon

A=12x9=108sqft

4. The area of a regular polygon ol many
sides (5, 6, 7, 8, etc.) equals one-half the number
of sides times the length of a side times the
radius of the inscnbed circle. See figure 2-23.
The formuia 1S A= 1/2(nx bxr}, where
n = number of sides.

N
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Examr'. Find the areg of a regular é-sided
polygon whose sides are 18 inches long and
radius of the wnscribed aircle is 12 inches
Solution:

A=1/2¢(6x18x% 12)=64859 .

5. The votume of a cyhnder is found by
multiplying the area of the base tmes the
height. (V=3.1416x1? x h). Example ¥ind
the volume of a cylinder which has a radms of
8 1n. and a height of 4 ft. Solution”

2
3

Rin. =-3‘:-fl and(%)2 = %x

V=211416 x%x 4 =-@':()ﬂ= 5.59 cu fr.

6. The volume of a rectangular solhd or
prism equals the length x width » height
{(V=Iwh.) Example Find the volime of a
rectangular solid or pnsm which has 2 length of
oft, a width of 3ft. and a height of 2ft
Solution

Vi=lwh=6x3x2=36cult

45.680(458}
Figure 2. 23.-Regular Polygon.
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7. The volume of a cone may be found by
multiplying one-third times the area of the base
times the height.

(V = é—wr’h)

Example: Find the volume of a cone when the
radius of 1ts base is 2 ft and its height is 9 ft.
Solution:

w~3.1416; r=2 t2=4; h=9
Ve 1/3m’h=1/3X 31416 x4 x 9 = 37.70 cu ft.

8. The volume of a pyramid may be found
by multiplying one-third times the area of 1its
base times its height. (V =-%h—

Exzinple: Find the volume of a pyramid when
its base is 3 in. by 4 in. and whose height is 6 in.
Solution:

A=3xd=12sqin.

V=123X6=24cuin.

9. The volume of a cube may be found by
multiplying together three measurements
{(V=LxWxH)

Example: Find the volume of a cube 12 ftlong,
12 ft wide, and 12 ft deep. Solution:

V==LWH=12x12x12=1728cuft.
Powers And Roots

1. Powers—When we multiply several num-
bers together, as 2 x 3 x 4 = 24, the numbers 2,
3, and 4 are factors and 24 the product. The
operation of raising a number to a power is a
special case of multiplication in which the
factors are all equal. The power of a number is
the number of times the number itself is to be
taken as a factor, Example: 2¢ is 16. The second
power is called the square of the number, as 32,
The third power of a number is called the cube
of the number, as 5%, The exponent of a number
is a number placed to the right and above a base

Pt

9y

to show how many times the base is used as a
factor. Example:

43— exponent =
base

4x4x 4= 64,

2. Roots—To indicate a root, use the sign
v/, which is called the radical sign. A small
figure, cai'ed the index of the root, is placed in
the opening of the sign to show which root is to
be taken. The square root of a number is one of
the two equal factors into which a number is

divided. Example: /81 =,/9x 9= 9. The cube

root is one of the three equal factors into which

Yizs=

a number is divided. Example:

vix5x5=5.
Square Root

1. The square root of any number is that
number which, when multiplied by itself, will
produce the first number. For example; the
square root of 121 is 1] because 11 times 11
equals 121.

2. How to extract the square root arith-
metically:

95.

/9025 V’QO’ES.
: 81

180. 925
+5: 925

——— —

185: 000

a, Begin at the decimal point and divide
the given number into groups of 2
digits each (as far as possible), going
from right to left and/or left to right.

. Find the greatest number (9) whose
square is contained in the first or .2{t
hand group {90). Square this number
(9) and place it under the first pair of
digits (90), then subtract.

;. Bring down the next pair of digits
{25} and add it to the remainder (9).




Chapter 2~-DRAWINGS AND SPECIFICATIONS

d. Multiply the first digit in the root by
20 and use it as a trial divisor { 180).
This trial divisor (180) will go into
the new dividend (925} five tmes.
This number, 5 (second digit in the
root}, is added back to the tral
divisor, obtaining the true divisor
(185).

e. The true divisor (185) is multiphed
by the second digit (5) and placed
under the remainder {925). Subtract
and the problem is solved,

f. if there is still a remainder and you
want to carry the problem further,
add zeros (in pairs} and continuc the
above process.

Coverage Calculations

You will frequently have occasion to
estimate the number of linear feet of boards of a
gven size, Or the numter of tiles, asbestos
shingles, and the hke, required to cover a given
area. Let’s take the matter of linear feec of
boards first,

What you do here is first caleulate the
number Of linear feet of board required 10 cover
1 5q fi. For boards laid edge-to-edge, you base
your calculations on the total width of a board.
For boards which will lap each other, you base
your calcufations on the width laid TO THE
WEATHER, meaning the total width minus the
width of the lap.

Since there are 144sqin. in a sq fi, lmear
footage t0 cover a given area can be caiculated as
follows. Suppose your boards are 10 be laid 8 in.
to the weather. If you divide 8in. into 144
sqin., the result {(which is 18in., or 1.5 fi} will
be the linear footage required to coverasq ft 1f
you have, say, 100 sq ft to cover, the hnear
footage required will be 100 £ 1.5, or 150 fi.

To estimate the number of tles, asbestos
shingles, and the like required t0 cover a given
area, you first calculate the number of units
required to cover a sq ft. Suppose, for exampie,
you are dealing with 9. by 9-n. asphalt tiles. The
area of one of these 1s 9- by9-in. or 8! sqin.Ina
sq ft there are 144 sq in. If it takes 1 tO cover
81 sqin., how many will it take to cover
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144 sq in.? Just set up a proportional equation
as follows.

1.81 .x 144

When you work tins ou', you wall find that
it takes 1.78 tiles 10 cover a sq ft. To find the
number of tiles required to cover 100 sq ft.
simply multiply by 100. How do you muitiply
anything by 100? Just move the decimal point 2
places to the nght. Consequently, it takes [ 78
9- by 9-in. asphalt tiles to cover 100sq ft of
area.

Board Measure

BOARD MLEASURI: is a method of
measuring lumber in wiuch the basic unit 1s an
abstract volume 1 £t long by 1 ft wide by | 1n.
thick. This abstract volume or umit is called a
BOARD FOOT.

There are several formulas for calculating the

. number of board feet n a piece of piven

dimensions. Since lumber dimensions are inost
frequently indicated by width and thickness in
tnches and length ‘n feet, the following formula
is probably the most practical.

Thickness th i hes v wadth inonches S [epith in tt
12

- boatd teet

Suppose you are calculating the number of
board feet 1n a 14-1t length of ! x 4, Applying
the formula, you get

-

I )
2xdx14_28_ ...
—lg——- =913 bd 1
4
3

T*¢ chiel practical use of board measure 1s
m  ost calculations, since lumber 1s bought and
sold by the board foot. Any lumber less than
Vin. thick is presumed to be ]in. thick for
buard measure purposes. Board measuse is calcu-
lated on the basis of the NOMINAL, not the AC-
TUAL, dimensions of lumber. As explained 1n
<hapter 4. the sctual size of 4 piece of dimension
lumber {such as a ? by 4, for example) is usuaily
less than the nomir.al size.

L.

At
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METRIC SYSTEM

The metric system was developed by French
scientists in 1790 and was specifically designed
to be an easily used system of weights and
measures to benefit science, industry, and
comamerce. Soon after development, scientists
the world over adopted it for their work.

Early in the 19th century many European
countries adopted the new syslem for
engineering and commerce. It was possible for
these countries to trade manufactured goods
with one another and not be concerned with
having to buy special wrenches and tools to
repair the machinery received in trade, Countries
could buy and sell machine tools and precision
instruments without having to modify or alter
them.

Iin 1975 Congress passed the Metric
Conversion Act, which was signed into Public
Law (94-168) by President Ford.

By that time, the only remaining nonmetric
users were a few smail countries. Meanwhile, our
conversion to metrics is in full swing The
International System of Units (SI) is the formal
name for the metric system. The use of SI units
15 expected to become universal by 1980. Much
of the equipment in the United States Navy is
already measured in SI units. Certain of its
weapons are sized in metric units, such as
20 milhimeters and 40 miliimeters. Existing maps
and charts may show distances in meters
(instead of yards) and kilometers (instead of
miles). To better understand conversion to
metric units, you should study he Merwic
System, NAVEDTRA 475-01-00-79.

Some SI units are base units, that is metric
standards defined and adopied by international
treaty. Otrer SI units are derived from the base
units and are either expressed in terms of the
base unit or are specially named. The base unit
for measuring distance, the meter, is defined as
one ten-millionth of the distance from the
Equator to the North Pole. The metric standard
for weight, the grain, is defined as the weight of
ont cubic centimeter of pure water. Other I
standards include the second (time) and the
degree Celsius (temperature), which was
formerly called centigrade. The square meter
(area), cubic meter (volume), and meter per
second (speed) are derived units expressed in
terms of the base umt Derived units having

special names include the hertz (frequency),
watt (power), farad (capacitance), voit
(electromotive force), and ohm (electric
resistance).

The metric system is a base-10 (decimal)
number system. It i8 convenient and easy to use
because one unit of measure is converted to
smaller and larger units of measure by dividing
and multiplying by powers of ten, or by shifting
the decimal point. For example,
12.3 millimeter. convert to 1.23 centimeters.
Calculations, such as dividing by 16 (to convert
ounces t0 pounds) anc multiplying by 12 (to
convert feet to inches} are eliminated.

The result of multiplying a base unit Dy a
power of ten is referred to as a multiple; the
result of dividing by a power of ten is referred to
as a submultiple. Names of multiples and
submultiples of the base unit are formed by
adding prefixes to the name of the base unit.
The already mentioned milimefer, centiméter,
and kilometer are exam;'‘es. Figure 2-24
ilustrates a set of 8 prefixes(and ‘their symbois)
Tor forming multiples and submultiples.

1t is rather simple to relate Sl amits to non-Si
units. Compared to the vard, *he meter is a liitle
longer tabout 1.1yd). In long distance
measurements, the SI unit is the kilometer,
which is slightly farther than 1/2 mile (about
0.6 mile). The basic unit of volume, the liter, is a
little larger than a quart {about 1.06 gt). The
weightyof a liter of pure water is 1 kilogram,

Muit.ples and Submultiples Prefixes Symbols

1 000 900 = 10° mega (még’'a) M*

1000 = 1C° kilo (B’ 0) k*
100 = 102 hecto (hék 'to) h

10=10 deka (d&k ' a) da
0.1=i0-} deci (d&s'D) d

0.01 = 10-2 centi{sdn’™  c*

0.001 = 103 milli (mil ') m*

0.000 001 = 10-¢ micro (mi'kro)  p*
* MOST COMMONLY USED

Figure 2-24,—Metric wyctemn prefixes and their symbols,
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which 1s a little more than 2 pounds {about
2.21b). The SI unit for measunng power, the
kilowatt, is somewhat bigger than one
horsepower (about 1.2 hp).

In working with non-SI units and S{ uniis, 1t
helps to have a reference of common equivalent
weights and measures. Tables 2-1 through 2-§
give the factors you multiply by 1n order to
convert a non-S! unit to an SI umit, or vice versa.
For example:

Jinches=3 x 25.40r 76.2 mm

S kdometers =35 x 0.6 or 3 miles

Table 2-1.—Length Conversion

Table 2-3.—~Volume Conversion

When You If You
You Know: Can Find: Multiply By.
teaspoons milllliters )
tablespoons milliliters 15
fluid ounces milliliters 30
cups liters 0.24
pints liters 047
quarts liters 0.95
gallons liters 3.8
milliliters teaspoons 0.2
milliliters tablespoons 0.067
mitliliters fluid punces 0.034
liters ‘oup{p 4.2
liters pints . 21
liters quarts .08
liters gallons 0.26
cubic feet cubic meters 0.028
cubic yards cubic meters 8,765
cubic meters cubic feet 35.3
cubic meters ~ubic yards 1.31

When You if You

You Know: Can Find: Multiply By:

Inches millimeters 2% 4 Table 2-4.—-Area Conversion

inches centimeters 2.54 ;

feet centimeters 30 -

feet i meters 0.3 When You HYou

yards | centimeters i 90 You Know: Can Find: Multiplvy By:
i *

yards © meters : 0.9 - -

. ; square inches Square centimeters 6.45
minies i kilometers E 1 60&'6 square inches Square theters - 00006
mes j melers | square feet * square cefitimeters | 929
inillimeters i inches il 0.04 square feet _ square meters 0.0929
centirneters i inches ' 0.4 square yards square centimeters | 8360
centimelers |  feet : 0.0328 square yards square meters 0.836
meters feet F 3.3 square miles square kilometers 26
centimeters yards ; 0.0109 square centimeters square inches 0.155
meters yards 1.1 square mete square inches 1550
meters miles 0.000 621| jsauare centimlers square feet 0.001
lometers  miles 0.6 square melers N\, square (eet 10.8
meters nautical miles * 0‘000 54 square centimeters square ym'gss (13.300 12

. . : uare meters square yar .
nautical miles meters _ 1852 psguare idlometers *| square miles 0.4
Table 2.2. =Waight Conversion
Tab'e 2-5.—~Temporature Conversion

When TYou ,I‘ HYou | When You _ WYou ]

You Know: . Can Find. Multiply By. {You Know Caa Find.

aunces Eams 283 degrees Fahrenheit | degrecs Celsts subtract 32 tth

pounds iHograms | 0.35 multiply by 5:9

short tons m 3ms Q.

(2000 1bs) ; ‘megﬁiag'; tons) | degrees Celsius degrees Fahrenhert| multiply by .5
ams ; ouncfis : ‘%235 3 - then add 32
Jograms ounds * : 2

meggargrams sphort tons ] 1.1 | degrees Celsius kelvins Ladd 273.15°

{metric tons} {2000 1bs) i i - e
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WOODWORKING SHOP AND FIELD TOOLS

As a Builder, your woodworking hand and
power tools are essential parts of the trade. You
must be a general weodworking craftsman who
is able to use and mainfain effectively a large
variety of shop and field tools. You must have,
choose, and use the correct tools in order 10 do
your work quickly. accurately, and safely.
Without the proper tools and the knowledge of
how to use them, you waste time. reduce
efficiency, and may even injure yourself,

In this chapter. several of the most common
hand and power tools are described outlining
their uses, general characteristics. attachments.
safety and operating features.

HANDTOOLS

After reading Tools and  Therr Uses,
NAVPERS 10085-B. you should be fanubar
with a vanety of basic handtools. However. the
fundamentals of using certain basic wood-
working and lield tools wall be discussed further.

THE FRAMING SQUARE

The FRAMING SQUARE is one of the most
generally used tools. The problems-that can be
solved with the square are so many and varied
that books have been written on the square
alone. Only a few of the more common uses of
the square can be presented here; the Builder
who desires to take full advantage of the
square’s capacities foe solving a whole host of
construction problems should obtain and study
one of the books on the square.

The framing square consisis of a wide, long
member called the BLADE and a narrow, short

member ¢alled the TONGUI . which forms 4
right angle with the blade. The FACE of the
square 1s the side one sces when the square is
held with the blade in the left hand. tongue in
the Tight hand. heel pointed away from the
body. The manufacturer’s name 15 usually
stamped on the face. The blade is 241, long
and 2. wide and the tongue vanes from 14 1o
18 n. long and 1 172 in. wide. as measured from
the outer comer. where the blade and the
tongue meet. This comer o colled the THTL of
the square

The outer and jpner cdges of the tongue and
the blade. on both face and back. arv graduated
in inches. The first thing vou must do is
memorize the manner in which the inch
subdivided in the scales on the BA(CK of the
square In the scales on the face. the inch s
subdivided in the regular umts of carpenter’s
measure (eights or sixtcenths of an inch). On the
back of the square. the outer edge ol the blade
and outer edge of the tongue are graduated g,
inches and TWELFTHS of inches. the inner edge
of the tonguc is graduated m m<hes and
TENTHS of inches. and the snner edge of the
blade is graduated in inches and thirty=seconds
of inches on most squares.

Common uses of the twelith and wnth scates
on the back of the framing square widl be
described later.

Basic Problems Solved
by the Framing Square

The framing square s used most frequently
to find the length of the hypotenuse flongest
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side) of a right triangle when the lengths of the
other two sides are known. This is the basic
problem involved 1n determining the length of a
roof rafter, a brace, or any other member which
forms the hypotenuse of an actual or an
imaginary right triangle.

Figure 3-1 shows you how the framing
square is used to determine the length of the
hypotenuse of a right triangle with the other
sides each l2in. long. Plane a true, straightedge
on a board, and set the square on the board s0 4s
to bring the 124n. mark on the tongue and the
1 2-in. mark on the blade even with the edge of
the board. Draw the pencil marks shown in the
second view. The distance between these marks,
as'measured along the edge of the board, is the
length of the hypotenuse of a nght triangle with
the other sides each 12in. long. You wiil find
that the distance, which 15 called the BRIDGI:
MEASURE, measures just a shade under 17 in.
To be exact, it 1s 16.97in., as shown in the
figure, but for most practical Builder’s burposes
16.97 in. may be round«d off to 17 1n.

UNIT AND TOTAL RUN AND RISE. In
figure 3-1 the problem could be solved by a
single set {called a CUT) of the framing square.
beeause the dimensions of the tnangle m

I‘ /N
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133.47
Figure 3 1.—Bauic Problem solved by the framing square.

question he wathmn the dimensions of the square.
Now suppose that you are trying to find the
length of the hypotenuse of a nght trangle with
the two known gpdes being 4810, long each.
Let’s assume that the member whose length you
are trying to determine 1s the brace shown in
figure 3-2. The TOTAL RUN of this brace is
481n.. and the TOTAL RISL is also 48 in.

To figure the length of the brace, you first
reduce the tnangle in jueshon to a similar
trangle which s within the dimensions of Lhe
framing syuare The length of the vertical
shorter side of this tnangle 15 called the UNIT
O RISL, and the length of the horizontal
shorter side 15 called the UNIT OF RUN. By a
generdl custom of the trade, unit of run is
always tahen as I2an.. and measured on the
tongue of the frammg square

Now. 1f the total run 1s 481n, the total rise
48 ., and the umt of rn 12n., what is the
unit of nse® Well, sinee the sides of similar
treangles are proportional. the umt of fise must
be the svalue of v m the proportional equation
48 48 12 . In this wase, then. the umt of rise is
obviously 12 m.

T'o get the length of the Prace, you set the
frarming square to the wme of mun 01 21n.) on the
tongue and to the umat of nse (also 12 in.) on
the blade as shown w figure 3-2, and then '‘step
off” this cut as many times 35 the umt of run
poesanto the total rua. In this case that is 48/12,
or 4 times. as shown i the figure.

I'his problem wwolved a situanon in which
the total run and total nse were the same. from
which 1t Tollowed that the umt of rvn and unit
of nse were also the same. Suppose now that
vou want to hnow the length of a brace with a
total run of 60 m and a total nse of 72 in. Since
the umt of run 15 121n., the unit of nise must be
the valie of » in the proportional equation
60.72 12 x. When you work tus out, you will
find that the umt of nse 15 14.4 1n. This is near
enough to 14 3’8, to serve any practical
purpose,

To lay out the full length of the brace, you
set the square to the umit of nse 114 3/8 in.) and
the wnt of run 112 1 ax shownan fimire 3-3
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Tolel run 48°

Total rise 49%
-_-‘\

I

unitof rise i2

J_—
H
L7

e — e 4

ol

133.48

Figura 3-2,—"Stapping of f' with the framing square,

and then step off this cut as many times as the
unit of run goes into the total ~un (in this case
60/12, or 5 times).

[INE LENGTH.-If you do not go through
the procedure of stepping off, you can figure the
total length of the member in Question by first
determining the BRIDGE MEASURE. The line
length is the length of the hypotenuse of a right
tnangle with the other sides equal to the unit of

3-3

run and the unit of nse. Take the situation
shown in figure 3-3, for example. The unit of
run here is 12 in., and the unit of rise is 14 3/8
in, Set the square to this cut as shown in figure
3-4, and mark the edges of the board as shown
[f you measure the distance between the marks,
you will find that itis {8 3/4in.

To get the total length of the member, you
simply multiply the bridge measure by the
number of times that the upit of run goes into
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Figurs 3-3.— “Stapping off” with the square when the unit of run and unit of rise ars different
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Figurs 3-4,--Unit length.

the total run. Since that is 5 in this case, the
total length of the member is 18 3/4x 5, or
23 3/4in. Actually, the length of the
hypotenuse of a right triangle with the other
sides 60 and 72 in. fong is between 93.72in. and
93.73in., but 93 3/4in. is close enough for anv
practical purpose.

Once ¥ su have determined the total length
of the melaber, all you need to do is measure it
off and make end cuts. To make these cuts at
the proper angies, you simply set the square to
the unit of run on the tongue and unit of ris¢ on
the blade and draw a line for the cut along the
blade (lower end cut) or the tongue {upper end
cut).

USING THE TWELFTHS SCALE.-The
graduations in inches which are located on the
back of the square, along the outer edges of the
blade and tongue, are called the TWELFTHS
SCALE. The chief purpose of the twelfth scale is
to provide various shortcuts in problem solving
with the framing square. Since the scale is
graduated in inches and twelfths of inches,
dimensions 1n feet and inches can be reduced to
1/12th of size by simply allowing each

N
-

graduationi on the twelfth scale to represent [ in.
For example: 26/12in. on the twelfth scale
may be taken to represent 2 ft 6 in.

A few examples will show you how the
twelfth scale is used. Suppose you want to know
the total length of a rafter with a total run of
10t and a total rise of 6 ft § in. Set the square
on a board with the twelfth scale on the blade at
10in. and the twelfth scale on the tongue at
6 5/12 in., and make the ysual narks. If you
measure the distance between the marks, you
will find it to be 11 11/12 in. The total length of
therafteris 1) ft 11 in.

Suppose now that you know the unit of run,
unit of rise, and totat run of a rafier and you
want to find the total rise and the total length.
Let us say that unit of run and unit of rise are
12in. and 8 in., respectively, and that total run
is 8 ft 9 in. Set the square to the unit rise on the
tongue and unit run on the blade, as shown in
the first view of figure 3-5. Then slide the square

133.51
Figure 3-5.~Flnding total rise 2nd totat langth when unit
of sun, unit of rise, and total run are known.
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to the right until the 8 9/12 in. mark on the
blade (representing the total run of 8 ft 9in.)
comes ¢ven with the etige of the board, as shown
in the second view. The figure of 5 10/12 in.
which is now indicated on the tongue is
one-tweifth of the total rise. The total rise is
therefore 5 ft 10 in. The distance between pencil
marks (10 7/12 inches) drawn along the tongue
and the blade is one-tweifth of the total length.
The total length is therefore 10 ft 7 in.

The twelfths scale may also be used to deter
mineg dimensions by inspection for proportional
reductions or enlargements. Suppose, for
example, that you have a panel 10 ft 9 in. long
bs 7 ft wide, and you want to cut 2 panel 7 fi
long with the same proportions. Set the square
as shown in figure 3-5, but with the blade at
109/12in. and the tongue at 7 in. Then slide
the blade to 7in. and read the figure indicated
on the tongue, which will be 4 7/12in. The
smaller panei should then be 4 ft 7 in. wide.

USING THE TENTHS SCALE.-The scale
along the inner edge of the back of the tongue,
which is graduated in inches and tenths of
inches, is called the TENTHS SCALE. This scale
can be used with the scale along the inner edge
of the back of the blade {which is graduated in
inches and sixteenths of inches) to determine
vanous proportions by inspection. Suppose that
a crew can excavate 44 linear ft of trench in 8
hours. How many feet can they excavate in
3 1/4 hours? Set the square on a board with the
tenth scale on the tongue af the 4.4-in. mark and
the scale en the inner edge of the blade at the
8-in. mark. Then slide the blade down to the
3 1/4-in. mark. The reading on the tenth scale
will now be 1.Uin. Since you took 44 to
represent 44, 1.8 must represent 18, and the
crew should therefore be able to excavate
approximately 18 linear ft in 3 1/4 hours.

USING THE HUNDREDTHS SCALE.-The
hundredths scale is on the back of the tongue, in
the corner of the square, near the brace table.
This scale is called the HUNDREDTHS SCALE
because 1 in. is divided into one hundred parts.
The longer lines indicate 25 hundredths while
the next shorter lines indicate 5 hundredths, etc.
By using dividers, a fraction of an inch can be
easily obtained.

|

The inch is graduated in sixteenths, and
located below the hundredths scale; therefore,
the conversion from hundredths to sixteenths
can be made at a glance without the use of
dividers. This can be a great help when
determining rafter lengths, using the figures of
the rafter tables where hundredths are given.

USING THE OCTAGON SCALE.-The
OCTAGON SCALE (sometimes called the
EIGHT-SQUARE SCALE) is located in the
middle of the face of the tongue. The octagon
scale is used to lay out an octagon (8-sided
figure) in a square of given even-inch
dimecvsions. The procedure is as follows.

Suppose you want to cut an 8+in. octagonal
piece for a stair newel. First square the stock to
8 by 8 inches and smooth the end-section, and
draw crossed centerlines on the end-section as
shown in figure 3-6. Then set a pair of dividers

UL ||||l|l[l|||l|l ¥
4 L}
_‘_f:‘_.;. l" ._-._-_‘_. g}o- . o+ o l'!
F = I 2 3
F- EnnEnnEnnnnnne
4,16(123D)A

Figura 3-8.~Using Lhe octagon square.
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to the distance from the. first to the eighth dot
on the octagon scale, and lay off this distance on
either side of the centerlines on the 4 slanting
sides of the octagon.

When you use the octagon scale, set one leg
of the dividers on the first dot and the other leg
on the dot whose number corresponds to the
width in inches of the square from which You
are cutting the piece. This distance amounts to
one-half the length of a side of the octagon.

Using the Framing Tables
on the Framing Square

There are three tables on the framing square,
as follows: (1) the UNIT LENGTH RAFTER
TABLE, located on the face of the blade, (2) the
BRACE TABLE, located on the back of the
tongue, and (3) the ESSEX BOARD MEASURE
TABLE, located onr the back of the blade.
Before you can use the unit length rafter table,
you must be familiar with the different types of
rafters and with the methods of framing them.
Consequently, the use of the unit length rafter
table is described in Chapter 10, Roof Framing.
The other two tables are discussed below.

USING THE BRACE TABLE.-The brace
table sets forth a series of equal runs and nises
for every 3-unit interval from 24/24 to 60/60,
together with the brace length, or length of the
hypotenuse, for each given run and rise. The
table can be used to determine by inspection the
length of the hypotenuse of a nght triangle with
equal shorter sides of any length given in the
tabie.

For example. 10 the segment of the brace
table shown 1n figure 3-7, You can see that the

r ey et e e
" 5 14 13f 3 2 I
133 Tag ¢ 142% lea” 30
13 12 o -
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S

4.16{133D1A
Figure 3.7.—Brace tabie.
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length of the hypotenuse of a right triangle with
two sides 24 units long is 33,94 units; with two
sides 27 units long. 38.18 units: with two sides
30 units long, 42.43 units, and so on.

By applying simple arithmetic, you can use
the brace table to determine the hypotenuse of a
right triangle with equal sides of practically any
even-unit length. Suppose that You want to
know the length of the hypotenuse of a right
triangle with two sides 8 in. long. The brace
table shows that a right triangle with two sides
34 in. long has a hypotenuse 33.94in. long.
Since 8 amounts to 24/3. a right triangle with
two shorter sides 8in. long must have a
hypoteru-e of 33.94/3, or 11.31 in. long.

Suppose you want to find the length of the
hypotenuse of a right triangle with two sides
40 in. each. The sides of similar triangles are
proportional, and any right triangle with two
equal sides is similar to any other right triangle
with two equai sides. The brace table shows You
that a right triangle with the two shorter sides
being 30 in. each in length and has a hypotenuse
42.43 in. long. The length of the hypotenuse of
a right triangle with the two shorter sides being
40 in. each in length must be the value of x in
the proportional equation 30:42.43 40 x, or
56.57in.

Notice that the last item in the brace table
{the one furthest to the right in fig. 3-7) gives
you the hypotenuse of a nght triangle with the
other sides 18 and 24 units long respectively
The proportions 18.24:30 are those of the most
common type of unequal-sided night triangle,
which is called the “3-4-5" right triangie. Any
triangle with sides in the proportions of 3:4:5
must be a right triangle.

USING THE ESSEX BOARD MEASURE
TABLE.--Since the chief practical use of the
board measure is in connection with lumber
costs, you may not have much use for the Fssex
board measure table, The table makes it possible
for vou to determine by inspaction the board
measure of a l-in. thick piece of given length
and width. A segment of the table is shown
figure 3-8,

The wnch graduations above the table (1, 2.
3. 4. and so on) represent the width in inches of
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Figure 3-8.—Sogment of Essax board measure tabla,

the piece to be measured. The figures under the
1 2+in. greduation (8, 9, 10, 11, 13, 14, and 15,
arranged in column) represent lengths in feet
The figure 12 itself represents a 12-ft length.
The column headed by the figure 12 is the
starting point for all calculations.

To use the table, run down the figure 12
column to the figure that represents the length
of the piece in feet. Then run horizontally to the
figure which is directly below the inch mark that
corresponds to the width of the stock in inches.
The figure you find will be the numbes of board
feet and twelfths of board feet in a 1-in. thick
piece of given length and width.

For example. suppose you want to figure
the board measure of a piece 10 ft long by 9 in.
wide by lin. thick. Run down the column
headed by the 12-in. graduation to 10, and then
run horizontally to the left to the figure directly
below the %-in. graduation. You will find the
figure to be 7.5 0or 7 6/12 bd ft.

What do you do if the picce i$ more than
l1in. thick? Obviously, all you have to do is
multiply the result obtained for a 1-in. picce by
the actual thickness of the piece in inches. For
example: if the board described in the preceding
paragraph were 5 in. thick instead of 1 in. thick,
you would follow the procedure described and
then multiply the result by 5.

The board measure scale can be read only
for pieces from 8 to 15 ftin length, inclusive. If
your piece is longer than 15 ft, you can proceed
in one of two ways. If the length of the piece is
evenly divisible by one of the tabulated lengths
in the table, you can read for that length and
multiply the result by the number of times that
the tabulated length goes into the length of the
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piece. For example: suppose you want to find
the number of board feet in a piece of 33 ft long
by 7in. wide by | . thick. Since 33 is evenly
divisible by 11, go down the 12 in. column to 11
and then run left to the 7 in. columr.. The figure
given there (which is 6 5/12 bd ft is one-third of
the number of bd ft in a piece 33 ft long by 7 in.
wide by 1 in. thick. The total number of bd ft is
65/12x30r193/12bd fi.

If the length of the piece is not evenly
divisible by one of the tabulated iengths. you
can divide it into two tabulated lengths, read the
table for these two, and add the results together.
For example. suppose you want to find the
board measure of a piece 25 ft long by 10in.
wide by 1in. thick. This length can be divided
into 10 ft and 15 ft. The table shows that the
10-ft length contains 8 4/12 bd ft and the 15+t
length 126/12 bd ft. The total length, then,
contains 8 4/12 plus 12 6/12, or 20 10/12 bd ft.

MITER BOX

A MITER BOX permuts sawing a piece of
stock to a given angle without laymg out a line.
The standard mites box will cut wouod stock up
to 4in, thick and 8 in. wide, but it is normally
used for light carpentry work. such as interor
finishing. Although the miter box can be used to
cut any desired angle. it must be checked for
correct adjustment. thus reducmg possible
inaccurate cuts. Figure 3-9 j[lustrates a typical

= IIJ'I.
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68.10{1330)BX
Figure 3-9,—Steel miter box.
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steel miter box that can be set and used to cut
wood stock at any desired angle.

LEVELS

The term ‘“level” usually describes a
horizontal surface which, throughout iis extent,
lies on a line comresponding to that of the
horizon. The term “plumbd” means vertical, or at
right angles to level. Instruments at Your
disposal 1or checking levelness are the line level
and the carpenter’s level.

Line Level

The LINE level {fig. 3-10) consists of a
bubble tube set into a meral case with a hook at
each end to permit it to be hung on a line or

cord.

The line level is used to test whether a line
or cord is level., It is particularly useful when the
distance between two points to be checked for
levet is too long to permit the use of a board and
the carpenter’s level. However, the line level will
show a disadvantage at a long distance because
the line has 2 tendency to sag. To use the level,
stretch a cord between the two points which are
to be checked for level. Hang the line level on
the cord and see whether the bubble is in the
middle of the tube. If it is not, raise the end of
the cord which is toward the lower end of the
bubble until the bubble rests in the middle ol
the tube. Unhook the level and tum it end for
end, hang it on the cord, and retest. Continue
testing until the bubble rests in the same relative
position in its tube when the level is tumed end

HOAIZONTAL MUBBLE TAUT STRING
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Figure 3-10.—Line tevol.

for end. Remember, to make the bubble rise in
the tube, lift that end of the cord which is
toward the lower end of the bubble,

The line level 5 a delicate inswrument;
therefore, it must be kept i a box when not in
use, to protzct the bubble tube from being
broken and the hooks from being bent. Never
clean the level witit water or any liquid because
condensation will appear.

Carpenter’s Level

The CARPENTER’s level (fig. 3-11) is
usually 24in. long and made of wood or
lightweight metal with true-surface edges. There
are normally two Of three bubble tubes in it.
The horizontal bubble tube is centered
lengthwise. The other one ©r two {vertical
bubble tubes) are parallel tc the short edges of
the level.

Bubble tubes are glass tubes nearly filled
with alcohol. They are slightly curved. As a
bubble of air in such a tube will rise to the
highest point, the bubble will take its place in

VERTICAL

HORI T4
QRIZQNTAL Buom.t:. TuBE

BUSBLE TuBE

133.430
Figwre 3-11.—~Leveling a bench with a carpanter's level,
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the middle of the tube when :he tube is in a
honzontal position.

Scratch marks at equal distances from the
middle of the tube mark the proper pesition of
the bitbble when the surface on which the tube
rests is level. To test for levelness of a surface,
lay the carpenter’s level on the surface and see
where the bubble comes to rest. If the surface is
level and the feve! is in adjustment, it wiil come
to rest exactly between the two scratch marks
mentioned above. Tum the level end for end and
recheck. The bubble should come to rest in the
same place If it does not, raise the end of the
surface being tested which js toward the low end
of the tube until it checks level.

To check for plumb, set the long side of the
carpenter’s Jeve] against the upnight to be tested
and uge the bubble which is set in the end in the
same way as described above. Tumn the level end
for end to insure accuracy, as mentioned above.

TAPE

The tape (fig. 3-12) is a steel ribbon,
normally 3/8in. in width, ranging from 6 to
100 ft in length. It is graduated in feet. inches,
and fractions of an inch down to 1/16 inch. One
end of the tape is fastened to a reel which is
housed in a metal box provided with a slot

29.2C0(133F)
Figure 3-12.—-Stee| tape.
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through which the other end of the tape
protrudes. This end has a inetal rnng or hook
attached to it. The ring will not pass through the
slot in the case, thus it formsa handle by which
the tape may be drawn from the case.

Tov measure with the tape, hold the ring end
at the starting point, either by slipping itovera
nail or by other means. Walk in the direction to
be measured, letting the tape be pulled from the
case as you walk. Stretch the slack out of the
tape, making sure it is parallel to the surface or
edge to be measured. Read the graduation which
falls at the end of the distance to be measured.

Reel the tape back into its case whenever it
is not actuaily being used. Do not permit the
tape to be kinked. 1t is easily kinked by being
used for measuring around comers or by
permitting a vehicle to run over it. Keep the tape
lightly oiled. If it gets wet or damp., it will stain
or rust making it difficult to read. Wipe it
thoroughiy dry and otl it before returning it to
iis case,

CHALK LINE

Long straight lines between distant points on
surfaces are marked by smapping a CHALK
LINE, as shown in figure 3-13. The line is first
chalked by holding the chalk in the hand and
drawing the line across it several times. 1t is then
stretched between the points and spapped as
shown. For an accurate snap. never snap d chalk
Ine over a 20-ft distance. The chalk linc may be

LINE HELD WITH THUMD
AGAINST BOARD

133.54X%
Figure 3-13.—Snapping a chalk lina,
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designed with reels which are enclosed within a
metal or plastic case containing powdered chalk,
allowir.g the line to be coated with the chalk as
it is withdrawn from the reel.

SAW-SHARPENING EQUIPMENT

The saw vise (view A, fig. 3-14) is a special
vise or clamp with long jaws designed for
securing saw blades while they are being filed. It
has a handle on front which only needs pulling
away from the vise in order to open the jaws.
Closing the handle puts pressure on the jaws of
the vise by means of a cam, so that the blade of
the saw is held securely.

The vise is held to the workbench by means
of a clamp {view A, fig. 3-14). Tne clamping
assembly is equipped with a turnscrew to hold it
securely to the bench and a wing nut which
permits the vise to be set at various angles to the
clamp.

The file holder (view A, fig. 3-14) consists of
a wooden handle to which is attached a
triangular file. A pair of clamping screws on the
file holder fasiens the frame to the jaws of the
vise. It can be adjusted to hold the file at any
desired angle to the teeth being filed. A clamp
on the top of the frame permits the file to be
held at any position along the blade.

The saw set (view B, fig. 3-14) is 2 tool
which. by means of. a plunger and anvil, bends
the tecth of the saw outward o make the kerf
wider than the thickness of the blade of the saw.

The reconditioning kit for large crosscut
saws consists of a jointer, which is a {ile holder
by which a flat or mill file can be held and
guided while jointing the saw; two gages. one for
the raker tooth and one for checking the set of
the teeth; and a setiing bloek {frequently called
a stumping tool).

There are five basic steps involved in the
sharpening of a saw: Jointing, shaping. sefting,
filing. and dressing.

JOINTING 1s always the first step. [ts
purpose 1s to make all the tecth the same height.
First place the saw tn the vise. and, with 2 flat
file held in the jointing tool, file lengthwise from
heel to toe of the saw until a flat top has been
filed on the tip of each tooth {fig. 3-15}. On the

63

JAWS e

CLAMBING

FRAME CEVER

CLAMPING
ASSEMBLY

FiILE HOLDER

A VISE, CLAMPING ASSEMBLY, AND FILE HOLDER

FRAMF

SET

SLREW PLUNGER

AL0CK

B Saw SET aND RECONDIT'ONING «iT

133.335
Figure 3-14.—Saw-tharpening equipment,

lurge crosscut saws. the raker tecth are fliled
about 1/64th in. shorter than thie cutting teeth.

SHAPING 1s done only when the teeth are
unevenly spaced or shaped. To shape. tile the

A p———
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133.338
Figure 3.15.=Jointing a saw blada.

teeth with a tapered file to a sharp point. the
gullet well rouaded, and the teeth filed straight
across, not rounded. In filing the ripsaw. In
addition to adjusting the saw for the angles
shown in view A, figure 3-16, lower the file
handle about 2 inches to give a bevel on the top
of the teeth winch lean away from you. For the
crosscut handsaw. the front of the tooth should
be filed with an angle of 15° from the vertical,
while the back slope should be 45° with the
vertial (view B, fig. 3-16). Disregard the bevel
of the teeth, and file straight across at right
angles to the blade with the file well down in the
gullet while shaping. If the teeth are of unequal
size. file the teeth with the largest flat tops until
the center of the flat tops made by jointing is
reachied. Then move the file to the next gullet
and file until the rest of the flat top disappeats
and the tooth has been brought to a point. Do
not bevel the teeth while jointing. The teeth are
now ready for setting.

In SETTiNG, partivular care must be taken
tu see that the set s regular. it must be the same
sdth for the entire length of the blade and the
same width on both sides of the blade. The
depth should never be more than hart the depth
of the tooth. If the set is made deeper. tt may
spring, cnmp. crack the blade, or break out the
teeth.

To st the handsaw. the saw set 15 placed
uver the blude sy that the guides are over the

66

312

@ RIPSAW

ANGLE OF Fit ING

- OME INCH

34 POINTS PER tNCH

4* TEETH

A

=

CROSSCUT Saw

ANGLE OF FRING

ADOUT §5° AROUT B3°

e — ——— ONE HEH

"

28.15A(133FI8
Figure 3-16.—Anglet of saw teath,

8 POINTS PER WCH

¥ TEETH

teeth with the anvil behind the tooth to be set
{view D, fig. 3-17). The anvil, with its bevel at
the top, is held in the frame by means of the
seiscrew. The handles are now pressed together,
The plunger will press the tooth against the anvil
and bend it to the angle of the bevel of the anvil,
Each tooth is set in this manner, alternating to
either stde of the blade.

To FILE the handsaw (fig, 3-18), place the

saw in the vise with the handle to the left. Begin
to file at the heel. Adjust the file holder so that

2
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Dressing of the saw is necessary only when
there are burrs left on the side of the teeth by
/\\.""\ filing. These burrs cause the saw to work in a

salt of ragged fashion. They are removed by laying the

nE osak AL omEs sdw . .
Ol saw on a fat surface and running an oilstone or

fine file lightly across the side of the teeth, Make

_\'\‘\y"\ j@# sure both rows of teeth are of the same Iength.
:g“ SANTEL CEEYe

A T

If they are not, the saw will curve asit cuts, Set

‘he teeth before filing to avoid damage to the
.. BYar eem e cutting edges. Never make the depth of the set
~ - S attito ar roe more than half that of the tooth itself.

Fadkr gogl)

=, SMAFED TEE T~
C apane "t AEC

EQUIPMENT FOR HOLDING WOKK

133.337
Figure 3-17.=Jointed and shaped 1sath, and use of saw
sel. A woodworking BENCH VISE, designed for
holding work for planing. sawing, or chisesing on
. the bench is sl'own n figure 3-19. Turning the

SCREW by means of the HANDLE causes the
MOVABLE JAW on the vise to move tn or out
on the SLIDE BARS (sometimes calld the
GUIDE BARS). On a vise with a CONTINUQUS
SCREW, the movable jaw must be threaded all
the way. On a vise with an INTERRUPTED
SCREW {(which 15 called 3 QUICK-ACTING vise}
the movable jaw can be moved rapidly in or out
when the serew i1s 1in @ certan position. When the
1aw 1S in the desired posiion against the work,
the quick-aeting vise can be Lghtened by a
partidi turn of the handie.

STAV CHARY ,aq

Slmtm rrom

=gt E% FGR
Almim 3T 29,

133.338
Figire 3-18.- Filng the handsaw

the file » held & the proper angle ay shown in L
view B oreure 3416 gnd that the file 1s between '
two teeth File both teeth at once with one or
mars strokes of the file Work down the whole .
s ~hating the tile by means ot the elamp on e
the top of the tle holder Then turn the saw o tars
aroutd ~o that the handle 1 to the nght. .

reddiust thye nile holder. and work down the 133.64
enttie Jeneth o the saw agan Frgure 3-19.—-Woodworking bench vise.

nambLt
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Most woodworking vises are equipped with a
DOG as shown in the figure. The dog which can
be raised as shown or lowered flush with the top
of the vise, is used in conjunction with 1 BENCH
STOP to hold work which is too wide for the
maximum span of the vise.

Sometimes 2 bench is equipped with two
vises, so that long work can be held at both
ends. When this is the case. the principal vise is
called the SIDE VISE and the auxiliary vise the
TAIL VISE.

$EnCH HODE

Figure 3-20.~8ench hook.

The screws and slide bars on vises should be
lubrivated regularly with preservative lubricating
oil. Never hammer the jaws of a vise, and never
use 3 woodworking vise to hold 2 metal article.
Never use a piece of pipe or similar device to
increase the leverage of the handle. There is
danger, not only of breaking the handle, but also
of damaging the screw and the jaws.

Always keep the jaws on a handscrew
puarallel to each other, Tightening the handscrew
with the jaws cocked will bend the spindles and
damage the jaws. NEVER use anything but the
hands to tighten the spindles. Keep the jaws well
varnished to protect the wood.

A BENCH HOOKX (fig. 3-20) is 2 wooden
device for holding work for backsawing.

The SAWHORSE might be called the carpen-
ter’s portable voorkbench and scaffold. If you do
not already have 4 gpcd sawhorse you will have
to make one, and th2 layout pajt of the job will
give you an idea of the practical use you can
make of the framing square. A working drawing
for a good, sturdy sawhorse is shown in figure
3-21. A few pointers on the layout patt of the
job are as follows:

\

The first layout problem™is lay:ng off the
end cuts for the legs. If you think about it for a
moment while examining the drawing, you will

L
DEPTH OF TOP OF Al

[P

X 4T0P

X o

1x10
ENG PIECE

1

i ‘%l!lLEG
i

/- 1X2BRACE
¥

1XA4LE

END PIECE

1xX 10
END PIECE

1X2BRACE

P X YARACE

u”
L

1X 7BRACE
BOTTOM

Frgurs 3-21.~Sawhorse

L4




Chapter 3 WOODWORKING SHOP AND FIELD TOOLS

see that there ts 4 night triangle nvolved here,
with a total nise of 24 in. tvertical height of the
sawhorse) and a total run of 4 in. (amount that
the top of the leg v set away from the end of
the top). To get the correct end cuts, then, you
set the square to 4 1n. on the tongue and 24n.
on the blade, as shown n figure 3-22. How long
a piece will you need 1o start wath? Well, 1of you
measure the hypotenuse, as shown in the figure,
you will find that the length of the fintshed
piece wall be a little more than 24 1/4 1n. You
better start with a piece about 26 in. long.

Mark the left-hand end-cut along the tongue,
and mark the point where the end of the blade
contacts the edge of the piece at the opposite
end. Then turn the square over and murk the
opposite end-cut as shown Saw ofl the ends and
use the piece ds a pattern for laying out the
end-cuts on the other three legs.

The next problem s to tay off the SIDE
CUTS on the legy Onee again thers s o nght

13385
Figure 3-22 ~Laymng off and culs for lags

trrangle mvotved. and once ggain the total rse s
24 in. (vertical heght o the sawhorse). The
total run s a httle harder to Higure. 1f you study
frigure 3-21 closely, you will seg that the total
riun musi amount t one-half the span ot the legs
(i5an. divided by 2. or 7 1/2in) nmunus the
honzontal thickness of the leg {you cun call that
374 1n.), and minus one-half the ACTUAL width
of the top a i2by 4 15 usually only about
3 34w wade, and halt of thatis T 78 i ) less
the depth of the top of the gain, which 1s shown
in the drawing to be 3/81n.

If you can’t quite see why this s se, study
the semphifted drawing i bguire 3-23 where the

133.66
Figura 3 23 —Basic triangle for end cuts for legs.
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133.67
Figure 3-28 -LaYing off side cuts for legs.

basic triangle you are solving is shaded tn. If you
work out the arnthmetic in the previous
paragraph, you will find that the total run 15
51/4 in. To lay off the side . ats for the legs,
then. you set the square to 5 1/4 in. on the
tongue and 24 1n. on the blade, on the edge of a
leg, as shown n figure 3-24. Mark a line along
the tongue. carry the line across the face of the

7

Y
[

133.68
Figure 3 25.—LaYing out the gains for the lags.

piece, parallel to the line of the end<ut, and
bevel the end down to the line with a plane.

To lay out the gain on the side of the tup,
first set the top of a leg in place against the side,
4 in. from the end, as shown 1n figure 3-25, top
view, and draw the lines for the sides of the gain.
Then use the marking gage to score a line 3/8 in.
from the edge to the top, and chisel out the gain
as indicated in the lower view. .

The set of the framing square for the edges
of the 1 by 10 end piece is the same as the set
for the side cuts of the legs; a study of figure
3-23 will show you why. Select a piece that is
ACTUALLY 10 in. wide, and lay off the line for
one of the edges as shown in figure 3-26. Since
you would not be able t0 end-for-end the Square
to get the line for the other edge in this case, the
best way to lay that line off is to set the T-bevel
to the other line, measure off the prescribed
S 1/2 in. along the bottom, reverse the T-bevel,

133.60
Figure 3-28. —Laying off the i x 10 end prece.
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se. it to the mark, and lay off the line as
indicated m figure 3-26,

The set of the frammg square Jor the edge
cuts for the 1 by 10 tray is also 3 1/2 in. on the
tongue and 24 1n on the blade, but the best way
to fit the tray 1s to set it in place and mark it
after the top. legs. and end preces nave been
sssembled. Use 8-penny coated zalvanized nails
to natl the preces together

POWER TOOLS

Your duties as a Bulder will also involve
developing and unproving your skiils and
techniques whep working with different power
tools. Therefore, in this sectior we will identify
and Jiscuss the most common power tools that
are found 1 the Builder’s workshop. We will
also discuss ssfely precautions as they relate to
the particular power tool unde- discussion. You
nust heep in mind and continually stress to
vour crew that woodworking pe-wer tools can be
dangerous  and  that  satety 15 everyone's
respon<ababity

TRAILER-MOUNTED
FIELD SAwW

Fike all traler-mounted field saws used by
the SIABELS. model EH-295. shown in figure
27 s desgned to operate under adverse
chimati. conditions. Being seff-contained. 1t 13
ospectally suited for use in remote locations. Not
winly can 1t fummsh electne power for a normal
sawahg load. but alse power for floodlights and
smuller tools The basic unit consists of a diesel
engine and generator set, efectnical equipment.
engine-generator  control  panel.  distribution
panel and radeal overarm saw,

Ihe diesel engme and generator set fig
320 s docated gt the front of the umit, the
enmine-yenerator control panel (g 3-29) on the
nght side, and the distnbotion parel (fig 3-30
an the Wett sude The electneal equipment

(extension cords and floodlights} are located in
the storage boxes on the right side of the unit.
The radial overarm saw is a typical shop type
saw with few modifications for field vse. All
components of the basic unit, except the radial
overarm Saw, are covered by a weatherproof
sheet-metal lousing. The radial overarm saw is
protected by a canvas cover. Figure 3-31 shows
it mounted on a field trailer.

The field trailer is a two-wheel unit having a
reiractable front stand, two retractable
stabilizing jacks at the rear for leveiing and
maintaning  the radial overarm saw in its
operating position, safety towing cliains, two
parking brakes. left and right roller conveyor
tables, grounding rod, and a i2-volt vehicle
lighting system.

Preparation For Use

When getting the trailer-mounted saw ready
for use, thoroughly inspect the complete unit
for any loose connections, particularly the fuel
and electrical systems. Tighten {oose
connections, parts, boits. nuts, and  other
hardware Also mspect for evadence of damage
to tneter glasses, lights. and other breakable
parts, Check to see that trailer fires are properly
inflated  Operate movable control devices by
hand. making sure they operate freely.

Be sure to fill the engme lubncating sysiem
with the proper grade of otl and t¢ the level
recommended. Check the ar cleaner (dry type)
on the engine for any dirt or dust that may have
accurnulated i the ar cleaner filter 1] the fuel
tank with suitable diesel fuel

Make sure the trailer-mounted field sdw 15
switably  located where thwere 1 adequate
operating room and ventilation for dissipation of
engine lieat and exhaust. Position the trader on
level ground  Set the brakes by pulling forward
the hand-brake levers in the front of the trales
Lowes the stabilizing jacks in tlie rear of the
tratler unoil the trader s level tfig 3-27) Put
hocks in frent ot the galer-wheels Remove the
grounding rod trom s stowed posttion amd then
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LEFT SIDE, TRAILER MOUNTED SAW

Figure 3-27 . ~Trailer-mountad overarm field saw.
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ITEM

NUMBSE R DESCRIPTION

10 KW GENERATOR.

FOUR CYLINDER DIESEL ENGINE.

ENGINE OIL FILTER-

PUMP GOVERNOR.

ENGINE THROTTLE ADJ- {(VERNIER CONTROL).
ENGINE FUEL INJECTION PUMP.

DIESEL FUEL SUPPLY VALVES.

ENGINE FUEL FILTER.

ENGINE SILENCER.

ENGINE AR CLEANER.

[N TUE R

(I = i = 2

it

133432

figure 3.28. — Dissel engine and genaralor unit,

3-19
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NUMBER DESCRIPTION NUMBER DESCRIPTION

1

ITEM ITEM

ENGINE, GENERATOR CONTROL 11 TROUBLE LIGHT RECEPTACLE.
PANEL HOUSING, 12 FAILURE INDICATOR LIGHT.
ENGINE WATER TEMPERATURE GAGE. 13 PANEL LIGHTS OFF-ON SWITCH,
ENGINE OJL PRESSURE GAGE. 14 120 V, 16 AMP QUTLET RECEPTACLES.
GENERATOR VOLTMETER SWITCH. 15 ENGINE-GENERATOP QPERATING
ENGINE AMPERES GAGE. TIME METER.
ENGINE OFF-ON {GNITION SWITCH, i6 PANEL LIGHTS.
ENGINE STARTING 3UTTON. 17 GENERATOR VOLTS ME TER,
PREHEAT SWITCH. 18 GENERATOR AMPERES METER.
PANEL CONTROL FUSE. 19 GENERATOR FREQUENCY METER,
GENERATOR VOLTAGE ADJUSTMEN /. 20 GENERATOR AMMETER SELECTOR
SWITCH.

O WE NI, W

-t

134.433
Figure 3-286 ~Engine genarator control panal.

3-26
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1‘@515

DESCRIPTION

NUMBER

CIRCUIT BREAKER FOR LIGHTS.

CIRCUIT BREAKERS FOR ITEMS 12& 6

UNIT MAIN CIRCUIT BREAKER.

CIRCUIT BREAKER FOR SAWMOTOR.

CIRGUIT BREAKER FOR GENERATOR.

120-VOLT, 1-PHASE OUTLET REGEP-
TACLE.

GENERATOR FOR ENGINE.

ENGINE RADIATOR.

NUMBER

8A
8
10
11
13
14
15

DFSCRIPTION

ENGINE FAN.

RADIATOR EXTENSION HOSE.

EXTENSION ADAPI1EP.

12 VOLT BATTERY,

DISTRIBUTION PANEL HOUSING.

AUXILIARY OR GENERATOR SWITCH.

AUXILIARY POWER INPUT JACK (INSICE
DOOR).

Figure 3.30.~Distribution panel and engine items.
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PUSH-BUTTON
SWITCH
(7)

MITER
CONTROLS
© (3)
TOP FRONT

ELEVATION
(2)

. MITER
SCALE
(8)

OPERATING - & W ¥  RiP
HANDLE go ' -7~ CONTROLS
(6) ol S Ui o{4)

8EVEL . : L
CONTROLS Py . COLUMN
A8} o S £ S cLamp
; . ' HA{ND}LE

Figura 3-31.~Trailer-mounted radial overarm field saw.

connect the lug and wire assembly to the
grounding rod. Always drive the grounding rod
firmly into the ground and attach the ground
clamp solidly to the trailer.

into output receptacles. Remove saw accessories
and tools required for the task assigned.

Operation of the Engine
and Generator Set
CAUTION: A good ground js essential to the

safe operation of this unit. To start the engine and generator set, do the

following:
Open all doors for access to all component:.
Remove the electrical equipment required, such

Make sure all circuit breakers in the
as extension cords and floodlights. Plug cables

power distribution panel (fig. 3-30) are off.

e e — - . e e ik, S e = ke = 1 =
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Depress the preheat switch (fig. 3-29) to
heat glow plugs. Hold the switch down for 30
seconds only.

Set the wgmition switch {fig 3-29) to the
ON nosition by pushing it up.

Depress the engine starter button (fig.
3.29). Hold it down until the engine starts.
When the engine stacts, check the ammeter
selector switch for correct charge.

After the engine warms up for a
minmum of 3 mmutes, check the frequency
meter (fig. 3-29) to sce if a 60-cycle reading has
been obtaned. If necessary, adjust the vernier
control (g, 3-28) to get this reading.

Make the generator voltage adjustment
at the required fevel, by turning the generator
ammeter selector switch (fig. 3-29) from OFF to
any of the three indicated positions. Note
whether the voltmeter indicates 208 volts
phase-to-phase. If not, adjust the generato
voltage accordingly.

NOTE: Tne automatic voltage regulator
will maintain constant voltage regardless of
changes 1n load or power factor. However, it wiii
not compensate for poor governor operction,
low enginc speed. or engine power loss under
load conditions

Connect  the lloodhights and othet
electrical teols or equipment to {he outlet
receptucles located on the distriburion panel
(lig. 3-30) and actwvate by engagmg the circuit
breakers

Preparing the Field
Saw tor Qperation

To get the radial overarm ficld saw ready for
oneration, do the following

1. Remove the canvas cover on the saw and
stow 1t in a dry place.

2. Place the roller conveyor tables (left 2nd
right side )i thar working positions.

3 (Jose hoth the nght and left stde engine
doors .

4 Open the chgine coolmng louvers (fig.
327

5 Paston
mghtime working

6 Set handbrakes lor tratler parking

toodhghts 1t neaded  tor

Before cutting, become familiar with the
operating controls ol the traderanounted rudial
overarm field saw (fig. 3-31) by reading the
manufacturer’s inanual.

The nunbers in parentheses correspond to
those used in figure 3-31 to indicate what
control is used when the saw is sct in any cutting
posiuon desired zs ssown in figure 3-32,

RAISING AND LOWERING SAW ARM.-
To raise or lower the saw arm. putll the column
clamp handle (1) forward, then turn the
elevating crank {2) in the jesired direction. Be
sure to lock the column clamp hindle by
pushing it backward before turning the motor
on.

REVOLVING SAW ARM.-To change the
position of the saw arm, pull both miter controls
{3) forward. Then, observing the miter scale (&),
swing the saw arm e¢ither right or Jeft to the
desired angle. When you have located the saw
arm at the desired position, engage both miter
controls (3} by pushing the handles back.

REVOLVING SAW YOKE.—While the yoke
15 revolving horizontally on the saw arm, pull the
saw carriage to the front of the saw arm. Then,
pull the yoke ¢lamp handle of the rip controis
(4} forward and lift the swivel latch handle of
the rip controls (4). The yoke and saw motor
can now be turned either right or left for rip
cuts. When the yoke s ip the required position,
secure the rip controls (4, accordingly.

REVOLVING SAW MOTOR.-To revolve
the saw motor vertically on the saw arm, release
the bevel clamp handle and lift the bevel latch
handle of the beval controls (5) and swing the
saw motor to the bevel position desired. Rock
the saw motor in posthion by engaging the
locking and bevel contrels (§),

CROSSCUTTING.—When you are cross
cutting, be sure to lock the saw arm in the
0° position. Place the material against the guide
strip {(9), engage the push-button switch (7) to
the ON posttion and then draw ihe saw blade
across the matenal using the operating handle
{6y Atter the cut has been completed. return
the blade behma the ewnde strip (9) and push in
the OFF button
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REVOLVE SAW ARM YORIZONTALLY

oewaLT [
N N

CROSSCUTTING MITERING

Figure 3-32.—Radiai oversrm field saw cutting Positions.
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-

BEVEL RIPPING

R

SHAPING

134.436
Figure 3-32.--Radial overarm fisld saw cutting positions—Continued.

3-25
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NOTE: NEVER push the saw blade into the
material. Instead, always pull the blade siowly
and fimly across the material, from the rear of
the saw arm.

MITERING.~To miter a piece of material.
release the miter control handies (3). Swing the
arm to the required angle as indicated on the
miter scale {(8). and then relock the miter
control handles (3). Engage the push-button
switch (7} to the ON position and pull the saw
blade through the material. After the cut has
teen completed, return the blade behind the
guide sirip (9) and push in the OFF button.

A compound miter is merely a combination
of the bevel cut and miter cut. Set the saw 1a the
bevel cutting position and mitering angle as
previously stated. Engage the push-button
switch {7) to the ON position and pull the saw
blade through the material as you would lur
crosscutting. After the cut has been vompleted,
return the blade behind the guide strip (9) and
push in the OFF button.

RIPPING. -To bevel rip. lock the saw arm in
the crosscut position. Elevate the motor
Revolve the yoke to the rip position. and the
motor to the desired bevel position. Now lock
all latches and ciamps and be sure to tighten the
np lock (4). Adjust the safety guard and
kick-back before turning on the motor and fecd
the material tirough the saw,

DADOES —To make dadoes, replace the saw
Made with the required dado cutter heads and

use ihe saw as you would for normal
crosscutting matenials. Be sure to determine the
depth and width of your dado cut as you
assemble the dado heads and spacers. Be sure to
attach the accessory tool guard before starting
the machine,

PLOUGHING.—For ploughing of materials.
place the saw equipped with the dado cutter
head in the np position. Tighten the rip jock (4)
and adjust the dado cutter to the required
depth. Attach the accessory tool guard on the
feed-in side of the blade before starting the
machine 10 cut and be sure to lLave a push stick
available to prevent kick-back as you feed the
material through the saw.

3-2

RABBETING.-For straight rabbeting of
material, elevate the saw motor nto the 90°
bevel position. Lower the dado vuttethead and
bring the forward edge of the cutter in front of
the guide so that it will give the required cut and
then tighten™ the rip lock (4). For bevel
rabbeting of material. simply tilt the motor
the proper position. Be sure to attach the
au. e5s0ry tool guard before starting the machine
and cutting.

SHAPING. - By replacing the saw blade with
a shaper cutter and setting up the saw as you did
for rabbeting, you can adjust the shaper blade
for the required shape desired on the material.
Be sure to lock ail handles and clamps and
tighten the rip lock (4). Be sure to place the
material being shaped firmly against the guide
strip (9) and be sure to attach the sccescory tool
gudrd before starting the machine and cutting.

Every Builder working with the trailer-
mounted radial overarm field saw equipment
will be required to perform saw setups that were
discussed in the previous sections.

Preventive Maintenance
Services and Lubrication

The trader-mounted radial vverarm field saw
must be properly maintained if it is to give
satisfactory service. The preventive maintenance
servives Jhart in table 3-]1 indieates the various
items to be checked and the services to be
performed at prescribed intervais,

In addition to those services gven in the
table, be sure to keep the cutting blade sharp
and properly set. the blade and arbor collars
clean and insure that the recessed sides of the
collars are against the blade; never oil or grease
the arm trackway or motor and Keep the motor
clean and free of dirt.

The lubricaticn chart. figure 3-33, indicates
how often to lubricate the points on the
trailer-mounted radial overarm field saw and
what lubricants {0 use. The frequencies shown
are for the dally, weekly, monthly, or
semianneal intervals.
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Table 3-1.—FPreventive Msintenance Sarvices
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SHOP AND FIELD TOOLS

Field Radiat Overarm
Field Saw Safety

Vanous safety precautions applicable to the
field saw have been pointed out in® preceding
sections of this discussion. Some additional
safety precautions to be observed are listed
a¢ follows

All safety regulations must be observed to
prevent accidents and injuries. Use all safety
devices and Suards when working with the fleld
saw, and {eam to controf your work and actions
$0 as to avoid injury.,

Wear well-fitting clothing or coveralls and
keep them in good repair. Wear safety glasses
during sawing operations, 1n addition to a dust
mask or respiraior if cutting operations are
dusty.

Keep your saw tools sharp and clean because
dull tools are dangerous; any extra force exerted
in using dull tools could result in losing control
of the tool or in losing your footing or balance.

When you have to work in a wet area, wear
rubber gloves and rubber-soled shoes to help
prevent electric shock

Make all adjustments, blade changes, and
inspections with the power off and the eiectric
cord disconnected.

Make a habir of checking to see that
adjusting keys and wrenches are removed from
the saw before tuming on the saw.

Keep sour work area clean and clear of scrap
tumber Remove or hammer Jown all protruding
nals to eliminate the possibility of you or a
crewmember stepping on them and sustain.ng a
foot imury

-

SHOP RADIAL ARM SAW

Ingure 3-34 iilustrates another popular type
of shop radial arm saw. The procedures ysed in
the operation. maintenance, lubrication, and the
safety precautions to be observed of this saw are
the same 33 described and illustrated in previous
portions of this chapter for the irailer-mounted
radial overatm saw. The-pramary differenée is
the location of controls.

- TILT-ARBOR TABLE BENCH SAW

A TILT-ARBOR table bench saw 1s showmdn

figure 3-35. This saw is called a tilt-arbor saw

e AW

355 GuaRD
AND LERBUST

143.439
Figure 3-34.—A shop radial arm saw.

LT

wANSWHEEL

EPTH OF CUT
~ ANDWHE EL

29.136129C)
Figure 3-35.—Tilt-arbor bench saw.
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because the sew blade van be tilted for cutting
bevels and the like, by ulting the arbor. In the
earlier types of bench saws the saw blade
remained stationary and the table was tilred. A
canted (tilted) saw table is hazardous i many
ways, however. most moderr table saws are of
the tilt-arbor type.

For ripping stock, the CUTOFF GAGES are
removed and the RIPPING FENCE is set a
distance away from the saw which is equal to
the desired width of the piece to be ripped off
The piece is pliced with one edge againsi the
fence and fed through with the fence as a guide.

For cutling stock off square, the cutoff gage
15 set at 90° to the line of the saw, and the
r-ping fence ;, set to the outside edge of the
table, away from the stock to be cut. The piece
is then placed with one edge against the cutoff
gage, held firmly, and fed through by pushing
the gage along ts slot wr

The procedure for cutting stouk off ag an
angle other than 90° (cailed MITER CUTTING)
15 similar, except that the cutoff gage (s set to
bnng the piece to the desived angle with the line
of the ~aw.

For ordinary nippmg or cuting off. the
Jdistance the saw blade should extend above the
table fop s L% plus the thickness of the
piece to be sawed The vertical posinon of the
saw 1S controiled by the DEPTH OF CUT
HANDWHEEL shown jn figure 3-35. The angle
of the saw blede 15 vontrolled by the TILT
HANDWHEEL. EXCEPT WHEN ITS RE-
MOVAL IS ABSOLUTELY UNAVOIDABLE
THE GUARD MUST BE KEPT IN PLACE.

The slot in the table through which the saw
blase extends is called the THROAT. The throat
15 contained 1n a small. removable section of the
tabie calied the THROAT PLATE. The throat
rlarc o removed when gt 15 necessary toinsert a
wien.it to remove the sew blade The blade s
held on the arbor by a nut called the ARBOR
NUT. A saw ;5 usually equipped with several
throat plates, containing throats of vanous
widths, A wider throat 1s required when «
DADG iLAD is used or the saw. A ado head
consists of two outstde GROOVING SAWS
(which are much uke combination saws) and ws
many tntermediate (husel-type CUTTERS (alled
chippers) as are required to make up the
designated wulth of the groove or dado.
Grooving saw, are usuwally 1% thick.

330

consedrently, vae Brooving saw will cuta 1, 8n.
groove. and the two. used together, will cut 2
4. groove. Intermediate cutters come n
various thicknesses.

This equipment should be used with special
care, and here are some oparating precautons,
especially for the circular saw.

Do not use a ripsaw blade for crosscutting or
a crosscut saw blade for tipping When ripping
and crosscutting freqaently, you should install a
con.hinatton blade to eliminate changing the
blade constantly. See that the saw blade 1s sharp,
unbroken, and free from cracks before using it
The blade should be changed if dull, cracked,
chipped, or warped,

Be sure the saw blade 15 set ai proper height
above the table to cut through the wood.

Avoid “kickbacks™ by standing to one side
of the saw--not in line wi&l it.

Always use a push stick to push short
narrew pieces between the saw blade and the
sage.

Keep mate.d] of any kind  from  ace
cuniulaing on the saw  table and 1 the
tmmer ate working area.

NeVER reach over the aw (o obtan
material from the other s1de

When cutitng., do not feed woud Into the
saw blade fuster than f will cut freely and
cleanly

Never leave the sawing machine unattended
with the power on

PORTABLE ELECTRIC
CIRCULAR SAW

The PORTABLE ELECTRIC Jircular saw is
used chefly as a great labor-saver in sawing
wood {raming members on the job. The saw
shown n figure 3-36 can be set to cut a piece of
wood off square fas 1t v ~et 10 the figure) or to
2t it off 2s any bevel angle vp to 457 Fo make
40 gecirate npping cut, the RIPPING GUIDE 1s
set a dwstance away from the saw equal to the
width of the stnip to be npped off, and placed
Jgainst the edge of the piece as a guide for the
saw. For cutting off. the nppng guide is tumned
upside down. so that 1t will be out of the way.

The dze of a portable circular saw s
designated by the maximum diameter of the
blade n inches ot will support widnn »ts guard.
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29 133{133F)

F jure 3.36.—Portable elacine Lircuiar saw.

Al poriable. powerainven saws <louhl be
equippsd with guards which wil automatically
adjust themseives to the work when in use. s>
that none of the teeth protrude ahove the wotk
The guard over the blade should be adjusted so
that it shdes out of 11s recess and covers the
blade to the depth of the teeth when the <aw s
hifted off the work.

Goggles or face shields should be w .n whil
using e saw and whie cleamng up debns
afterward.

Saws ar: 1o be grasped with both Lanas and
held firmiy aganst the -vork., Care should be
taken that the saw does not break away. thereby
CAL AL HYU.Y

The blade shoiit be inspected at frequent
wiervals and always after 1t has locked panched.
or bummed. The elecineal conneciion should be
broken before this examination

R e ——

e et i —n

o o e et g e i in et oty oo s e &

the sow motor should not be overloaded by
pusinpe too hard or cutting stock that is too
heavy .

Before using the saw, the matenal to be cut
should be carefully examimed gnd freed of nails
or other metal substdnces. Cutting into or
through knots should te avoided as far as
possible

The electne plag should be pulied before

v adjustments or fepairs are made to the saw.
1hus anchudes changn 1 the blade

SABER SAW

The <aher saw iz 33718 a power driven
hgsaw  that wialt !¢t you cut smooth and

Jdecorahive curves 1n wood and light metal Most
saber saws are hght duty machines and are not
designed for vxiremely fast cutting,

RERY
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.
GUIDE_KNOB

\

Figure 2-37.--3aber ey,

There are several different blades designed to
operate tn the <aber saw and tneyv are casily
mterchangeable Some blades are designed for
cutting wood and some for cutting inetal

The best way to leam how io handie this
type of tonl 15 to use 1t. Before trying 1o do a
finished job wtth the saber saw. clamp down 3
piece of scrap plywood and draw some curved 2y
well as straight .. ies to follow. You will develop
youl own way of gnpping the tool. and this will
be affected somewhat b the particular tool you
are <ine £°n some tools, for examdle, you wili
find guidir 2 easier 1f You apply some Jownward
pressure o1 th. ool as you move it forward. If
you are pot firm with your gnp, the too! will
tend to vibrats excesavely and tais will roughen
the cut. Do not force the cuttuny, faster than the
design of the bled: allows or you will break the
blade

Prnior to working with the seber saw, be sure
{0 remove vour nihgs, vrastwaich, bracelets, and
other jewelry.

Roll up your siceves if you are weanng
clothing with long sleeves

Be sure that the saber saw 15 properly
grounded.

Use the proper saw blade for the work to be
done, and insure the blade is securely locked in
place.

Be sure the materal to be cut is free of any
obstructions.

Keep your full attention focused on the
wark being performed.

Grip the saw’s handle firmly and control the
for--ard and tuming movements with your free
hana on the front guide.

To start 2 cut, place the forward edge of the
saw base on the edge of the material being
worked, start the motor, and move the biade
into the material.

PORTABLE RECIPROCAL SAW

¥

The portable reciprocal-zaw (fig. 3-28) is a
freavy-duty power tool which you may use fora
vanety of wecodworking mamtenance work,
remodehng. and roughing1n jobs. 1t can cut
reciangular openings, curved openings, along
straight or curved lines, and flush.

Blades for reciprocating saws are made in a
greai variety of sizes and shapes. They vary in
lenpgth from 2 1/2 1c 12in. and are made of
high-speed steei or cazbon steel. The saw has a
two-position shoe or footplate. which adjusts “or
rertical of honzontal cutbng. When the shoe is
moved in of out, a different section of the blade
is brought to bear on the work being cut. This
increases the life of the blade.

Before uperating the <aw, be sure the type of
biade is nght for the job. The manufacturer’s
nstrec.1of marmal shows the kind of saw blade
to use on any natenial. The blade must be
pushed <ecurely mto the cpening provided.
Rock 1 shghtly to insure a cotrect fit. Then
tighten the setscrew.

To stast a cut, place the saw blade near the
materal to be cut Then start the motor and
move the blade into the matenal. Keep the
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OMN & OFF
TRIGGER

Figure 3-38.

cutting pressure constant. but do not overload
the saw. Never reach underneath the material
being cut,

When through cutting, turn OFF the saw
switch. Do not put the saw down untd ths
motor stops. Then disconnect the saw from the
power soufce and remove the saw blade. Be
careful not to drop the saw: musahnement of
parts may resuit.

The reciprocal saw 15 imtiafly lubricoted at
the factory and should be lubricated only as
directed in the manufacturer’s instruction
maawal. Usually. additional lubrication 5 not
required for several weeks or after a designat-d
number of hours of use.

Keep the wlet and outlet passages clean to
iImsure a cool runmng motor. Blow any
accumulated dust off the motor frame wath
compressed air. In addition. check the saw
pertodiczlly for toose parts and screws.

BANDSAW

Whue th~ bandsaw (fig. 3-39} 5 designated
primandy .for making curved cuts, it can also be
used for straight cutting. Unlike the circuiar saw,
the bandsaw 15 frequently used for freehand
cutting.

&

»

i n i b b e ma -t ot oy,
- e TR ey e

HULTi - POSITION
TOP HANDLE

CANTED

g Mauae
W»m-ma

MULTi -POSITIOR FOOT

133.240
~Reciprocol saw.

'

.7 The bandsaw hus two large wheeis on which

3 continuous narrow saw blade or BAND turns,
just as a belt © turned on pultéys. The LOWER
WHEEL located below the WORKING TABLE
is connecizd to the moior directly or by means

JIT LT N RTARS 4

PERR T
S LW B_ALr RoLF

LI 1]

22,137

Figure 3-39.—Bandsaw.
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of pulleys or gears and serves as the driver
pulley The UPPER WHREL is the driven pulley.

The saw blade is guided and kept in line by
two sets of BLADE GUIDES, one fixed set
below the table and one set above with a vertical
sliding adjustment. The alinement of the blade is
adjusted by a mechanism on the backside of the
upper wheel. TENSIONING of the blade—
tightening and loosening-is provided by
another adjustmen. located just back of the
upper wheel.

Cutoff gages .nd ripping fences are some-
times provided far use with bandsaws, but you’ll
do most of yrur work frechand with the table
Jlear. With this type of saw it is difficult to
make accurate cuts when gages or fences ure
used.

The size of a bandsaw is designated by the
diameter f the wheels. Common sizes are 14-,
16-, 18-, 20-, 30-, 36-, 42, and 48-in. machines.
The 14-in. size is the smallest practical bandsaw.
With the exception of capacity, all bandsaws are
much the same as regards maintenance,
operation, and adjustment.

Blade: or bands for bandsaws are designated
by POLITS (tooth points per inch), THICK-
NESS (gage), and WIDTH. The required
length of a blade is found Ly adding the
crcutaforence of one wheel to twice the
Jdistar,ce between the wheel centers. Length can
vary within 4 flimit of twice the tension
adjustment range. Blades are set and fded much
the same as with a hand ripsaw.

Here are some SASETY pointers to keep in
mind when you are cperating a bandsaw. Keep
your fingers away frocm the moving blade. Keep
the table vlear of stock and scraps so your work
will not catch a~ you push it along. Keep tre
upper guide just above the work, not excessively
high. Do not stand to the right of the machine
winle it 1s running and do not lean on the table
at any time.

Bandsdw whzels should be tested by
experienced operators at least once a week with
3 small machinist’s hanmer to detect cracks.
The sound of & .racked or broken wheetl 1s dull
ad .t

Cracked blades should not be used. If 2
blade develops a ‘““click” as it passes through the
work, the operaior should shut off the power
because the chek 15 a signal that the Made s

3-34

55

cracked and may be ready to break. After the
saw blade has stopped moving, it should be
replaced with one in proper condition. .

If the saw blade breaks, the operator should
shut off the power, and not.uttempt to remove
any part of the saw blade until the machine is
completely stopped. ..

If the work binds or pinches on the blade,
the operator should never atien.pt :» back the
work away from the blade while the saw is in
motion since this may break the blade. He
should always see that the blade is working
relutively freely through the cut.

A bandsaw should not be operated in a loca-
tion where the temperature is below 45°F as it
may break when the machine is started.

Using a stnall saw for farge work or forcing a
wide saw on a small radius is bad practice. The
saw blade should in all cases be as wide as the
nature of the work.will permit.

Uandsaws should not be stopped by
thrustusg a piece of wood agawnst the cutting
eage of side of the bandsaw blade inmediately
after the power Las been shut off because the
blade may break. Bandsaws .6 in. and larger
should have a hand or footbruke.

Particular care should be taken when
sharpening or brazing a bands.w blade to see
that the blade is not! overheated and that the
brazed joints are thoroughly united and are
{finished to the same thickness as the rest of the
blade. }J1 IS RECOMMENDED THAT ALL
BANDSAW BLADES BE BUTT WELDED
WHERE POSSIRLE, AS TIIS METHOD IS
MUTH SUPERIOR TO THE OLD STYLE OF
BRAZING.

CARE AND MAINTENANCE
OF POWERSAW BLADES

The most important tactors in the care and
maintenance of 2 mechanwal saw are the proper
Jubrication of zH moving parts and the proper
conditioning of the saw blade. A sa« blade
which is Jull, or ope sn which the teeth are
incerrectly  shaped or improperly  set,  will
“labor” in the wood. Thiv i turn will place an
ex«essive strain on the duiving mechamsm. The
coprect shapes of nipsaw and vrosscut saw teeth
sre shown s figure 340, In 2 .ombimation saw
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Figure 3-40.-Corrsct shapes of circular ripsaw and ™~

- crosscut saw teeth.

the RIP or RAKER teeth are shaped like ripsaw
teeth and the CROSSCUT teeth like the teeth of
the -¢érosscut blade, as shown in figure 3-41. Asis
the case with handsaws, the front and backslope
of a circular ripsaw tooth are filed square across,
while the front and back slope of a circular cross-
cut saw blade are beveled as shown in figure 3-40,

Complete reconditioning of a circular saw
blade consists of (1) JOINTING, (2) GUM-
MING, (3) SETTING, and (4) SHARPENING.

JOIMTING is done when wear and repeated
sharpenings have caused the points on the saw to
become out of round., FThe procedure for
jointing is as follows:

PUT ON SAFETY GOGGLES. Remove Jll
sawdust .0 the working ared. Install the saw

RIP OR RAKER
regrA CROSSCUT
LRIPSAW) FEETH
GULLETS
N

29.16(133€)
Figure 3-41.—Tseoth on a combination saw blade.

blade in reverse order. Crank the blade down
level with the saw table top. Check by passing a
block of wood over the blade with the saw
running. The ood should become slightly
scored. Replace the woodblock with a
carborundum stone as illustrated in figuce 3-42.
With the saw at normal speed, exercisé extreme
caution and pass the carborundum stone very
slowly over the blade. Shut off the saw and
inspect the blade. When each blade tooth shows
a bright spot, jointing has been completed. It
may be necessary in some cases to raise the

J
g
133.44%
Fiture 3-42.-Using carborundum stone for |ointing saw

taeth.
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blade slightly and repeat the jointing procedure.
Do not joint a saw blade any more than
necessary, as this will require more grinding in
the gumming process.

GUMMING is done when wear and repeated
sharpening have caused the gullets of the blade
to become too shallow. This procedure is very
similar to that performed on a handsaw called
SHAPING.

A ripsaw blade may be gummed witl a hand
file of suitable shape or with a saw GUMMER
and SHARPENER like the one shown in figare
3-43.

SETTING of saw blade teeth is ac-
complished by the use of 2 too! such as the
one shown in figuwie 3-44, The saw blade is
placed over the spindle and held in place with a
collar and locking screw. Saw blade teeth are set
by striking the steel punch with a hammer. Set
every other tooth on one side of the saw blade,
then tumn the saw tlade over and repeat the
procedure for setting every other tooth in the
opposite direction.

SHARPENING of a saw blade may be
accomplished with a saw filing machine like tha
shown in figure 3-45. This machine works a file
with a cross-section of the same shape as that of

103.31
Figure 3-43.—Clroular saw sharpener snd gummer.
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SPINDLE

LOCKSCREW AND COLL AR

133.442
Figure 3-44.—Circular saw blade setting tool.

Figurs 3-45.—Saw fiting machine.

th2 gullet of the blade. This machine works in
the same manner as *he machine shown in figure
3-43, except that it files the front of cne tooth
and the back slope of the tooth next ahead ina
single operation.
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BANDSAW teeth are shaped Iike the teeth in

a hand npsaw. which means that their fronts are

fiied at 90° to the line of the saw.

Reconditioning procedures are the same as they

are for a hand ripsaw. cxcept that very mirrcw

“bandsaws with very small teeth must usually be
set and sharpened by special machines.

POWER SHAVING TOOLS

Smooth surt .~ and edges on woodworking
matenals used n vanous butlding projects are
obtamed with power shaving tools such as
routers, plangs. joinfers. surtacers. and shapers,

Router

The router 15 g versatile portable power tool
whicl: may e used trechand or with jigs and
attachments. Figure 346 shows g router which
15 typical of most models. it consists of a motor
cont ..o ng 4 chuck mto which the router bits ire
attached. The motor shdes into the base ) a
vertical position By means of the depth
adjustment ning. vasy reguiation of the depth of
a cut s passible Routers vary 1n size from /4
to 2 1.2 hp and motor speed vanes from 18,000
to 27.00Q rpm

QEPTH
SETTING
ADJUSTMENT

GRIP
KNOB{2)

88.200(68CIA
Figure 3-46.—Portahlo router with adge guide.

One 0?' the most practical gecessories lor the
router is the edge gutde, I¢ is used to gurde the
router 1 a straight line along the edge of the
board (fig. 3-46). The edge gmde is particularly
usetul for cutting grooves on long picces of
turmber. The two rods on the edge guide sk anto
the two holes provided on the router base. The
edge guide may be adjusted to move in or out
along the two rods to obtam the desired lateral
depth cut,

There are two classifications of souter buls.
The built-in shank-type bits fit into the chuck of
the router, The screw-type bits have a threaded
hole through the center of the cutting head:
allowing the cutting head (o be screwed to the
shank. Figure 347 shows 1 few o1 .he most
comnion roauter bits,

Before operzting the router. be sure the
workpiece 15 hield nigidly n the desired position
and free of obstructions. The router must be
properly grounded. Make sure 1t 1s disconnected
from the power source before you make
adjustments or insert 4 router bit. Seiect the
proper bit for the work bemg done. Insert the
bit shank 1 he collet chuck and tighten

¥
@

68.216
Figura 3-47.—Router bits.
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properly. Do not wear jewelry or loose-fitting
clothes that mught become entangled with the
fast-turning router bit.

In operating the router, use both hands to
hold it firmly agamnst the workpiece. Keep
cutting pressure constant, but do not overload
the router. When finished routing, release the
trigger switch and disconnect the router from its
power soutce. Then remove the router bit.

Portable Power Plane

The portable efectric power plan. (ig 3-48)
is widely used for trimming panels, doors,

frames, etc. It is a precision tool capable of
exact depth of cut up to 3/16 in. on some of the
heavier models. However, the maximum safe
depth of cut on any meodel is 3/32 in. in any One
pass.

The power plane is essentially a high speed
motor whick drnes a cutter bar, containing
either straight or spiral blades, at high speed.

Operating the power plane is simply a matter
of setting the depth of cut and passing the plane
over the work. The stock being planed should be
held in a vise, clamped to the edge of a bench, or
otherwise firmly held after first making careful
measurements of the piece, where it is te fit, and
determining how much material has to be
removed. “heck the smoothness and straightness
of all the edges.

WRAP- AROUND
HANKDLE

NARROW SHOE
THROAT

CUTTING SIDE VIEW

SPtRAL CUTTER

REMOVABLE
BRUSH CAPS

ADJUSTMENT ll

A
o)

BEVEL
ADJUSTMENT

HEAD-ON VIEW

€8.212X

Figure 3-48,—Portabla electric Power plane.
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To opecrate the plane, connect it to the
power source. Before doing so, make sure the
plane switch is in the off position. Do not wear
loose clothing that might get tangled with the
fast-furning cutter.

If a2 smoothing cut is desired, make that first,
then check the dimensions again. Make as many
passes as necessary with the plane to reach the
desired dimension, checking frequently so as not
to remove too much. The greater the depth of
the cut, the slower you must feed the toc "to
the work. Feed pressure should be enougn to
keep the tool cutting, but not so much as to
slow it down excessively. Keep chips off the
work, as they can mar the surface as the tool
passes over them. Do not come in contact with
the cutter when a cut is finished.

The L-shaped base or fence of the plane
should be pressed snugly against the work when
planing, assuring that the edge will be cut
square. For bevel cuts, loosen the setscrew on
the base. set the base at the desired bevel, and
then tighten the setscrew.

Always disconnect the plane frora its power
source before making adjustinents or replacing a
cutter. When finished planing, make sure the
motor i5 turned off.

Jointer

THE JOINTER is a machiae for power-
planing stock on faces, edges, and ends. The
planing is dore by a revolving CUTTERHEAD,
equipped with two or more KNIVES, as shown
in figure 3-49. Tightening the SETSCREWS
forces the THROAT PIECE aginst the knife for
holding the knife in position. Loosening the
setscrews releases the knife for removal. The size
of a jointer is designated by the width in inches
of the cutterhead; sizes range from 4-in. to
36-in. A 6-in. jointer is shown in figure 3-50.

The principle on which the jointer functions
is lustrated in figure 3-51. The TABLE consists
of two parts on either side of the cutterhead.
The stock is started on the INFEED TABLE and

THROAT FIECE

THROAT
[ JET KREw)

KEY PLLG

133.73
Figure 3-49.—Four-knife cutterhead for a jointer.

CUTTERHEAD GUARD ————r INFEED BED

ANGLE
i1 INDICATOR
i FENCE
ADJUSTMENT

DEPTH OF CUT
ADJUSTMENT

EWITCH

Figure 3-50.~Six-inch jointer.
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DEPTH OF CUT = DISTANCE THE INFEED
TABLE IS DEPRESSED BELOW YHE HIGHESY
POIRT REACHED 8Y THE KNIFE EOGES

QUTFEED uBLE

\\ \\
\

INFE ED TABLE

Figure 3.51.~Principle of oreration of the jointer.

fed past the wutternead onto the QUTFEED
TABLL. Th: surfave of the ouifeed table must
be exactly level with the highest point reached
by the knife edges. The surface of the infeed
table 15 depressed below the surface of the
outfeed table. 4n sinount equal to the desired
depth of cut. The usual depth of cut is about
1/16to | 8in.

The Jevel of the outfeed table must be
frequently cheuhed to insute that the surface is
exactly even v.th the highest point reached by
the knife edges. If the outfeed table is too high,
the cut wil become prngressively more shallow
as the prece is fed through. If the cutfeed table
is too low. the piece will drop downward as its
¢nd leaves the infeed table. and the cut for the
last 1nch or s¢ will be too deep.

The outfeed table can be set to the correct
heighit as follows:

Feed a picce of waste stock past the
cutterhead until a few inches of it liec on the
outfeed table. Then stop the machine and look

ider the outfeed end of the piece. If the
outfeed table is too low, there will be a space
between the surfaue of the table and the lower
face of the piece. Raise the outfeed table uyntil
this space 18 eluminated. If no space appears,
lower e outfeed table vatil a space does
appear. Now run the stock back through the
machine. If there 1s still a space then raise the
table just enough to eliminate it.

Note that the cutterhead cuts toward the in-
feed table, therefore, 1n order to cut with the
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grain, You must place the piece with the grain
running toward the infead table. A piecc is
EDGED by feeding it through on edge with one
of the faces held against the FENCE. A piece is
SURFACED by feeding it through flat with one
of the edges against the fence. This operation
however should, if possible, be limited to
straightening the face of the stock. The fence
can be set at 90° to produce squared faces and
edges, or at any desired angle to produce beveled
edges or e.ds.

Only sharp and eivenly balanced knives
snoutd be used in a jointer cutting head.

The knives must not be set to take too heavy
a cut, as a kickback is almost certain to result
especially if there is a knot or change of grain in
the stock.

The knives must be securely fastened after
the machine has been standing in a cold building
over the weekend.

When pieces shorter than [8in. are

machined, a push block should be used.

Each hand-fed jointer should be equipped
with a cylindrical cutting head. the throat of
which should not ‘exceed 7/16 in. in depth nor
5/8 in. in width. It is strongly reccmmended
that no cylinder be used in which the throat
exceeds 3/8 in. in depth or 1/2 in. in width.

Each hand-fed jointer shoud have an auto-
matic guard which will cover all the sections of
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the head on the working side of the fence or
gage. The guard should automatically adjust
horizontally for edge jointing and vertically for
surface work, and should remain iu contact with
the materaj at all times.

the jointer there are safety
observed. These include:

In operati
precautions tp

Always plane with the grain. A piece of
wood planed against the grain on a jointer may
be kicked back.

Never place ysur hands directly over the
jointer cutterhead. Should the piece of wood
kick back, your hands will drop on the blades.
Start with your hands on the infeed bed. When
the piece of wood is halfway through, reach
around with your left hand and steady the piece
of wood on ihe outfeed bed. Finish with both
your hands on the outfeed bed.

Never feed a piece of wood with your thumb
andfor fingers against the end of the piece of
wood being fe¢ nto the jointer. Kecp your
hands on top of the wood at all times.

Avoid )ointing short pieces of wood
whenev possible. Joint a longer piece of wood
and then cut it to the desired size. If you must
joint a piece of wood shorter than 18 in., use a
push stick to feed it through the jointer.

Never use a fointer with dull cutter blades.
Dull cutter blades have a tendency to kick the
piece of wood, and a kickback is always
dangerous.

Keep the jointer table and the floor around
the jointer clear of scraps, chips, and shavings.
Always stop the jointer before brushing off and
cleaning up those scraps, chips, and shavings.

Never joint a piece of wood that contains
loose knots.

Keep your eyes and undivided attention on
the jointer as you arz working it. Do not talk to
anyone while operating the jointer.

Remeniber that the jointer is one of t.e
most daugerous machines in the woodworking
shop, and all the basic safety preccutions given
above are to be followed and only experienced
and responsible personnel should be alowed to
operate it.

Surfacer

A SINGLE SURFACER (also called a
SINGLE PLANER) is shown in figure 3-32. This
machine surfaces stock on one face (the upper
face} only; double surfacers, which susface both
faces at the same time, are used only in large
planing mills.

The shrfacer cuts with a cutteshead like the
one On the jointer, but on the single surfacer the
cutterhead is located above instead of below
driven roliers, and the part adjacent to ihe¢
cutterthead is pressed down against the FEED
BED by a couple of members called the CHIP
BREAKERS (ust ahead of the cutterhead) and
the PRESSURE BAR (just behind the
cutterhead). The pressure bar temporarily
straightens out any warp a piece may have; in
effect, a piece that goes into the surfacer warped
will come out still warped. This is not a defect in
the machine; the surfacer is designed for
surfacing only, not for wuing warped stock. If
true, plane surfaces are desired, one face of the
stock (the face which goes down in the surfacer)
must be trued on the jointer before (e piece is
fed through the surfacer. if the face that goes
down in the surfacer is {rue, the surfncer will
plane the other face true.
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Figure 3-62.~Singla surfacer.
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Each surfacing machine should have all
cutting heads, covered by a metal guard. If such
a guard is constructed of sheet metal, the
material used should not be less than /16 in. in
thickness; and if cast iron is used, it should not
be less than 3/16 in. in thickness.

Where an exhaust system is used, the guards
should form part or all of the exhaust hood and
should be constructed of metal of a thickness
not less than the above.

Feed rolls should be guarded by ahood ora
semicylindrical guard to prevent the hands of
the operator from coming in contact with the
in-running rolls at any point. The guard should
be fastened to the frame carrying the rolis so as
to remain in adjustment for any thicknesses of
the stock.

Sectional feed rolis should be provided for
surfacers. Where solid feed rolls are used, the
sectional finger devices should be used to
prevent kickbacks.

Shaper

The SHAPER is designed primanly for
edging curved stock and for cutting ornamental
edges, as on moldings; but it can also be used for
rabbeting, grooving, FLUTING, and BEADING.
A FLUTE is a straight groove with a curved
rather than a rectangular cross-section. A BEAD
might be called the reverse of a flute. A shaper is
shown in figure 3-53.

The flat cutter or knives on a shaper are
mounted on a vertical SPINDLE and held in
place by a hexagonal SPINDLE NUT. A grooved
COLLAR is placed below and above the cutter
or knives to receive the edge of the knives. Ball
bearing collars are available for use as guides on
urregular work where the fence isn't used. The
part of the edge that is to remain uncut runs
against the ball bearing collar, as shown In the
bottom view of figure 3-54.

A THREE WING CUTTER fits over the
spindle, as shown in the upper view of figure

3-42

36

Figure 3-63.—Wood shsper.

3-54. FLAT KNIFE cutters are assembled in
pairs between coltars. Both cutters and knives
come with cutting edges in a great variety of
shapes. BLANK flat knives are available which
may be ground to any desired shape of cutting
edge. This is done only by experienced
personnel.

For shaping the side edges on a rectangular
piece, a light-duty shaper has an ADJUSTABLE
FENCE, like the one shown on the shaper in
figure 3-55. For shaping the end edges on a
rectangular piece, a machine of this type has a
SLIDING FENCE, similar to the cutoff gage on
a circular saw. The sliding fence slides in the
groove shown in the table top.

On larger machines, the fence consists of a
board straightedge, clamped to the table with a
handscrew, as shown in figure 3-56. A
semicircular opening is sawed in the edge of the
straightedge to accommodate the spindle and
the cutters or knives. Whenever possible, a guard
of the.type shown in the figure should be placed
over the spindle.

For shaping curved edges there are usnally a
couple of holes in the table, one on either side
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Figure 3-54.—Three-wing cutter and flat knives for a
shaper.

of the spindle, in which vertical STARTER PINS
can be inserted. When 4 curved edge is being
shaped, the piece is guided by and steadied
against the starter pin and the ball bearing collar
on the spindle.

Like the jointer and surfacer, the shaper cuts
toward the infeed side of the spindle, which is
against the rotation of the spindle. Stock should
therefore be placed with grain munning toward
the infeed side.

Make sure the knives are sharp and are well
secured.

62.27
Figure 3-55.~Light-duty shaper with adjustable fence.

If curved or irregularly-shaped edges are to
be shaped. place the stock in position and check
to see that the collar wili rub agzinst part of the
edge which should not be removed.

Whenever the straight fence cannot be used,
always use a starting pin m the table top.

Never make extremely deep cuts.

Make sure the shaper knives rotate toward
the work.

Whenever possible, always use a guard,
pressure bar, holddown, or holding jig.

If possible, place the cutter on the shaper
spindle so that the cutting will be done on the
lower side of the stock.

Do not attempt to shape small pieces of
wood.

Check all adjustments before turning on the
power.

“The spindle shaper is probably one of the
most DANGERQUS machines ysed in the shop. .
Use extreme caution at all times.”
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Figura 3-56.—Shaper tabla, showing straightedge fance and guard.

Care and Maintenance
of Power Shaving Tools

The two most important factors in the care
and maintenance of a jointer, surfacer, or shaper
are the proper lubrication of all moving parts
and the proper sharpening and adjustment of the
knives and/or cutters. Dull knives and cutfers
deteriorate the machinery by causing it to
“labor,” and to “‘chatter” or vibrate. Besides, a
dull knife or cutter on = power shaving machine
is a very dangerous hazard. A dull knife or cutter
tends to “catch” in the wood, and since the
machine is c¢utting toward the op:rator the
result of 2 catch is a violent throw-back of the
stock toward the operator. The piece may strike
the operator, but more serious than this is the
fact that the operator’s hands, when the piece is
torn out of them, may be driven against the
knives or the cutters.

The best way fo sharpen the knives on a
Jjointer or surfacer is with a KNIFE GRINDING
ATTACHMENT, like the one shown on the

surfacer in figure 3-52. With one of these devices
the knives can be sharpened without removing
them from the cutterhead. The knife grinding
attachment consists of a small motor-driven
ginding wheel, mounted in 2 SADDLE whieli
can be cranked back and forth on a steel bar
called a BRIDGE. The bridge can be mounted
over the cuttethead by means of a couple of
BRIDGE BRACKETS. The general procedure
for sharpening with 1 knife-grinding attachment
is as follows:

Open the starting switch on the machine and
lock it open. If the powerline has a main switch
which can be opened. open that switch as well,

Revolve the cutterhead by hand until a knife
is in a position where the cutterhead LOCKING
PIN can be put on The locking pin holds the
uppermost knife in correct grinding position,

Loosen the setscrews until they ire holding
the knife only lightly. and move the knife up
about 1/12 in. The best way to do this and still




Chapter 3-WOODWORKING SHOP AND FIELD TOOLS

keep the knife level 15 to use a THREE-
PRONGED KNIFE GAGE. This device has two
prongs whieh fit against the cuiterhead on either
side of the kntfe. and a thard prong in the center
which can be set to any desired amount of
protrusion of the kmfe edge. When the knife has
been set at the desired beight. tighten the
selscrews.

Adjust the knife edges of the other knives to
the same height.

Set the gninding attaclunent n place, bring
the gninder down to contact the bevel on the
first kmife, and vrank ¢he ginder back and forth
over the knife several times. Take a light cut,
and crank fast enough to keep the knife from
overheating. Repeat on the other two knives,

When the first kmife 1s again under the
grinder, lower the ghinder shghtly and repeat the
above procedure on ajf three knives. Repeat this
whole process, lowering the grinder a httle every
time you get back to the first knife, until all
nicks have been ground away und there is a
perfect bevel on every knife i the cutterhead.

The next step 1s JOINTING the Knives,
which means, as in the case of a circular saw,
insuring that the kmfe edges form a perfect
circle as the cutterhead revolves, Remove the
motor from the saddle and install a JOINTING
ATTACHMENT. A jointing attachment s a
device with a fine whetstone attached to its
lower end, the whetstone van be set so that it
bately touches the kmfe edges. Set 1t so,
revolving the cutterhead by hand to insure that
there is the barest contact and no more.

Start the machie and crank the jointing
attachment batk and forth several times over the
revolving knives Stop the machine and examine
the knife edges. If they have not 4ll been slightly
touched, lower the stone Jus. 4 little and repeat
the process untl every kmfe edge has been
touched.

In the absemee of a kmle grinding
attachment. the kmives must be removed from
the cutterhead and ground on an oilstone
grinder or :n some other manner.

To readjust the kaives in the cutterhead of a
jointer, place a builder's level or a wooden
straightedge on the outfeed table ynd line the
highest point reachad by each knife edge with
the lower edge of the straightedge as follows.
Place the knife in the cutterhead and set the
setscrews up lightly. Place the straightedge over
one end of the knife and raise or lower the Knife
unti! the edge barely contacts the straightedge
when the cutterhead is rotated by hand., Move
the straightedge to the other ¢nd of the knife
and repeat the same procedure, Tighten the
setscrews and make a final check for correct
height at both ends of the knife. Repeat the
same pocedure with the remaimng knives,

A flat shaper knife with a straight cutting
edge is grouad gnd whetted like a plane iron or a
chisel. As is the case with a jointer or surfacer,
the knives in a shaper must be exactly equal in
size and weight Three-way culters and knives
with curved «dges must be sharpened
“free-hand™ with a small portable grinding wheel
called a “grinding pendil.,” The greatest care
must be taken to kecp pairs of knmwes and the
cutting extensions in o three-way cutter exactly
alike in size. weight, and shape.

DRILL PRESS

The drill press (fig. 3-57) is an electrically
operated power maciune that was originally
designed as a3 metad-working tool. As such, its
use would be limited wm the average
woodworking shop. Available gecessorics such as
a router bit or shaper heads, plus jigs and special
techniques, now make it a versatile wood-
working tool as well

The motor 15 :nounted to a bracket at the
reat of the head #.sembly and desighed to
permit V belt changing for desired spindle speed
without removing the motor from its mounting
bracket. Four spindle speeds are obtained by
loeating the V-belt o4 any one of the four steps
of the spindle-driven and motor-driven pulleys.

The contro's of dnll presses are zll similar.
The terms “right™ and “left” are relative to the
operator’s position standing in front of and
facing the drill press. Forward applies to
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Figure 3.57.0711 press.

movement foward the operator. Rearward
applies to movement away from the operator.

The toggle switch is located on the right side
of the head assembly. The switch is single-pole
single-throw. Start the motor by placing the
switch in the ON position. ’

The spindle and quill feed handies radiate
from the spindle and quill pinion feed hub
which is located on the lower right-front side of
the head assembly. Pulling forward and down on
any one of the three spindle and quill feed
handles, which point upward at the time, moves
the spindle and quil assembly downward.
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Release the feed handle and the spindle and quill
assembly will returmn to the retracted Or upper
position by spring action.

The quiil lock handle is located at the lower
left-front side of the head assembly. Tumn the
quill lock handle clockwise to lock the quill at a
desired operating position. Release the quill by
tarning the quill lock handle counterclockwise.
However, in most cases, the quill lock handle
will be in the released position.

The head lock handle i85 located at the
left-rear side of the head assembly. Turn the
head lock handle clockwise to lock the head
assembly at a desired vertical height on the
bench column. Turn the head lock handle
counterclockwise to release the head assembly.
When operating the drill press, the head lock
handle must be tight at all times.

The fiead collar support lock handle is
located at the right side of the head coliar
support and below the head assetnbly. The
handle locks the head collar support, which
secufes the head vertically on the bench cohimn,
and prevents the head from dropping when the
head lock handle is released. Turn the head
collar support lock handle clockwise fo Jock the
support to the bench column and counter-
clockwise to release the support. When
operating the drill press, the head collar support
lock handle must pe tight at all imes.

The tilting table lock handle is lotated at the
left-rcar side of the tilting table bracket. Tutn
the tilting table lock handle counterclockwise to
release the tilting table bracket so it can be
moved up and down or around the bench
column. Lock the tilting table assembly at the
desired height by turning the lock handle
clockwise. When operating the drill press, the
tilting table lock handle must be tight at all
fimes.

The tilting table lockpin js located below the
tilting table assembly. The lockpin secures the
table at a horizontal or 45° angle lefi or right
from the horizontal position. To tilt the table
left or right from its horizon" A position, remove
the lockpin and tutn the e to cline the
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locpin holes. Insert the lockpin through the
table and bracket holes after the desired position
is obtained.

The adjusting and locknuts are located on
the depth gage rod. The purpose of the adjusting
and locknuts is to regulate depth drilling. Turm
the adjusting and locknut clockwise to decrease
the downward travel of the spindle. The focknut
must be secured against the adjusting nut when
operating the drill press.

When operating a drill press make sure the
drill 15 properly secured in the chuck and that
the work you are drilling is properly secured in
position. Do not remove the work from the
tilting table or mounting device until the drill
press h: s stopped.

Operate the spindle and quill and feed
handies with a slow, steady pressure. If too
much pressure is applied, the V-belt may slip in
the pulleys, the twist drill may break, or the
starting switch in the motor may open and stop
the «ril press. 1f the motor should stop because
of overheating, the contacts of the starting
switch will remain open long enough for the
motor to cool, then automatically close to
resume normal operation. Always turn the
toggle switch to OFF posit.on while the motor 15
cooling.

Check occasionally to make sure all locking
handles are tight, and that the V-belt is not
slipping.

Before operating any drill press, visually
inspect the dnll press to determine if all parts
are in the proper place, secure, and in good
operating condition. Check all assemblies, such
as the motor, head, pulleys, and bench for loose
mountings. Check adjustment of V-belt and
adjust as becessary in accordance with the
manufacturer’s manual. Make sure the electric
cord is securely connected and that the
insulation is not damaged, chafed, or cracked.

While the drill press is operating, be alert for
any sounds that may be signs of trouble, such as
squeaks or unusual noise. Report any unusual or
unsatisfactory performance to the petty officer
in charge of the shop.

After operating a drill press, wipe off all dirt,
oil, and metal particles. Inspect the V-belt to
make sure no metal chips are imbedded in the
driving surfaces.

WOODWORKING LATHE

The WOODWORKING LATHE is without
question the oldest of all woodworking
machines, Ih its early form, it consisted of two
holding centers with the suspended stock being
rotated by an endless rope belt. It was operated

.%y having one person pull on the rope
a

nd-over-hand while the cutting was done by a
second person holding crude hand Jathe tools on
an imprevised beam rest.

The actual operations of woodturning
performed on a modern lathe are still done to a
geat degree  with woodturner’s handtools.
However, machine lathe work is coming more
and more into use with the introduction of
newly designed lathes for that purpose.

The lathe is used in turning or shaping round
billets. drums, disks, and anhy object that
requires a true diameter. The size of a lathe is
determined by the maximum diameter of the
work it can swing over its bed. There are various
sizes and types of wood lathes, ranging from
very small sizes for delicate work to large surface
or “bull lathes” that can swing jobs 15 ft in
diameter.

Figure 3-58 illustrates a type of lathe that
you may find in your shop. 1t is made in three
sizes to swing 16-, 20-, and 24-in. diameter
stock. The lathe has four major parts (1) bed,
(2) headstock, (3) tailstock, and (4} toolrest.

The lathe shown in figure 3-58 has a bed of
iron. 1t can be obtained in any other length
desired. The bed is a broad flat surface that
supports the gther parts of the machine.

The headstock is mounted on the left end of
the lathe bed. ANl power for the lathe is
transmitted through the headstock. 1t has a fully
enclosed motor that will give a variable-spindle
" speed (froin 600 to 3600 rpm). The spindle is
threaded at the front end to receive the
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Figure 3-58.—A woodturning iathe with accessories.

faceplates. A faceplate attachment to the motor
spindle is furnished to hold or mount sinall jobs
Laving large diameters. There is also a flange on
the rear end of the spindle to receive large
faceplates, which are held securely by four stud
bolts.

The tailstock is located on the right end of
the lahe and is movable along the length of the
bed. It supports onc end of the work while the
other end is being tumned by the headstock spur.
The tail ¢center may be removed from the stock
simply by backing the screw. The shank is
tapered *o automatically center the point.

Most large sizes of lathes are provided with a
power-feeding carrage. A c¢one-puliey bolt
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arrangement provides power from tht motor,
2nd trackways are cast {0 the side of the bed for
slidin.g the carriage back and forth. All machines
have a meial bar that may te attached to the
beu of the lathe beiween the operator and the
work. This serves as a handtool rest and provides
support for the operacor in guiding tools along
the work. 1t may be of any size and is adjustable
to any desirsd position.

In lathe work, wood is rotated against the
special cutting tools illustrated in figure 3-59,
The special lathe tools include tuming gouges,
skew chisels; parting tools; round-nose,
square-nose, and spear-point chisels; toothing
irons; and auxiliary ajds such as calipers,
dividers. and templates.
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Figurs 3-59.—Lathe cutting tools.

Turning gouges are used chiefly to rough out
nearly all shapes in spindle tuming. The gouge
sizes vary from 1/8 to 2 or more in., with 1/4-,
3/4-, and §-in. sizes being most corumon.

Skew chisels are used for smoothing cuts to
finish a surface, turning beads, timming ends or
shoulders, and for making V-cuts. They are
made in sizes from 1/8 to 2 1/2in. in width and
in right-handed and left-handed pairs.

Parting tools are used to cut recesses or
grooves with straight sides and a flat bottom and
also to cut off finished work from the faceplate.
These tools are available in sizes ranging from
1/8 to 3/4 in.
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Scraping tools of various shapes are used for
the most accurate turning work, especially for
most faceplate turning. A few of the more
commonly used shapes are illustrated in D, E,
and F of figure 3-59. The chisels shown in B, E,
and F are actually old jointer blades which have
veen ground to the required shape,; the wood
hancles for these homemade chisels are not
show1 in the jllustration.

A toothing iron is basically a square-nose
turning chisel with a seties of parallel grooves
cut into the top surface of the iron. (See fig.
3-60.) These tumning tools are used for rough
tarning of segment work mounted on a
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Figure 3-60.—Toothing iron lathe toot.

faceplate. The points of the toothing iron
created by the parallel grooves serve as a series
of spear-point chisels; therefore, the tool is not
likely to catch and dig into the work like a
square-nose turning chisel. The toothing iron is
made with coarse, medium, and fine parallel
grooves and varies from 1/2 to 2 in. in width.

Latne turning tnay be divided into two cate-
gories: center-to-center turning (also called
between tuming and spindle turning) and
faceplate turning.

Here are some safety precautions to observe.

When starting the jathe motor, stand to one
side to avoid the hazard of flying debris in the
event of defective material.

Use the tool rest as much as possible.

Adjust and set the compound of tool rest for
the start of the cut before tumning the switch on.

Take very light cuts, especially when using
handtools.

Never attempt to use calipers on interrupted
surfaces while the work is in motion.

ABRASIVE GRINDERS

A GRINDSTONE is an abrasive whee] made
of natural stone-usually sandstone. A GRIND-
ING WHEEL is an abrasive wheel made of some
synthetic abrasive material, such as emery or
corundum. Most modem wheels are Synthetic
wheels which are usually called GRINDERS.

Grinders vary in design and construction
from the small hand-driven DRY grinder shown
in figure 3-61 to the ball-bearing motordriven,

GRINDING
WHEEL:

GRINDER
HANDLE

ENCLOSED
GEAR CASE

SCREW CLAMP

44.34
Figure 3-61.—~Hand-driven dry grinder.

multi-wheel O1LSTONE grinder shown in figure
3-62. The grinder in figure 3-62 has two large
CUPPED oilstone wheels, one coarse and the
other fine, for grinding plane irons and chisels. A
drip-spout on each wheel drips oil into the cup
of the wheel and thys keeps the wheel properly

COME wHEEL FOR
GRINDING  GOUGES

TOOL REST MORIZONTAL
ADMUSTMENT LEVER

1331
Figure 3-62.—Powsr-driven oilstone grinder.
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oiled. The tool rest can be adjusted both
vertically and horizontally to get just the right
bevel angle on a tool. The 100l holder slides back
and forth in a groove on the tool rest. so that
the tool which is being sharpened remains in
correct position with respect to the face of the
wheel. Besides the oilstone wheels, the grinder
has a DRY WHEEL for rough grinding and a
CONE WHEEL for gnnding inside-bevel gouges.

Sharpening Stones

Sharpening  stones are divided into two
groups, ratural and artificial. Some of the
natural stones are oil treated during and after
the manufacturing processes. The stones that are
otl treated are sometimes called oilstones.
Artificial stones are normally made of silicone
carbide of aluminum oxide. Natural stones have
very find grains and are excellent for putting
razorlike edges on fine cutting tools. Most
sharpening stones have one coarse and one finc
face. Some of these stones are mounted, and the
working face of some of the sharpening stones is
a combination of coarse and fine grains. Stones
are available in a variety of shapes, as shown in
figure 3-63,

A fin¢ cutting oil is generally used with most
artificial sharpeming stones, hoswever, other
lubnicants such as kerosene may be used. When a

E:_l'i lzl ]_'EI
INCHES '

MOUNTED
RECTANGULAR

tool has been sharpened on a grinder or
grindstone, there is usually a wite edge or a
feather edge left by the ccarse wheel The
sharpening stones are used to hone this wire or
feather edge off the cutting edge of the tcol Do
not attempt to do a honing job with the wrong
stone. Use a coarse stone to sharpen large and
very dull or nicked tocls. Use a medium grain
stone to sharpen tools not requiring a finished
edge, such as tools for working soft wood. cloth,
leather, and rubber. Use a fine stone and an
oilstone to sharpen and hone tools requinng a
razorlike edge. .

Prevent glazing of sharpening stones by ap-
plying a light oil during the use of the stone.
Wipe the stone clear with a wiping cloth or
cotton waste after cach use. If tiie stone
becomes glazed or gummed up, clean it with
aqueous ammonia or drycleaning solvent. if
necessary, clean it with aluminum oxide abrasive
cloth or flint paper attached to a flat block.

At times, stones will become uneven from
improper use. True the uneven surfaces on an
old grinding wheel or on a grindsione. Another
method of truing the surface is to lap it with a
block of cast iron or other hard mate nal covered
with a waterproof abrasive paper, dipping the
stone in water at regular intervals and continuing
the lapping until the stone is true.

Stones must be carefully stored in boxes or
on special racks when not in use. Never lay them

ROUND tOGE
Sup

Figure 3-63.—~Shapes of sharpening stones and oilstones.
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down on uneven surfaces or place them where
they may be knocked off a table or bench, or
where heavy objecis ¢an fall on them. Do not
store in a hot place.

Care and Malntenance
of Abrasive Grinders

Abrasive wheels and oilstones are very easily
broken or cracked, and must be handled and
stowed with the greatest care. A wheel should be
given a regular RING TEST for cracks. Tap the
wheel with a rubber-faced hammer or mallet. A
ringing sound indicates a sound wheel. A dull
thudding sound indicates a cracked wheel.
NEVER USE A CRACKED WHEEL.

When you are installing a new wheel,
NEVER force the wheel onto the spindle. The
wheel must shde easily with about 0.003 o
0.005 in. c¢learance. If it does not, IT S NOT
THE RIGHT SIZE FOR THE SPINDLE.
(Always check the grinder wheel for the proper

rpm.)

Tighten the spindie nut just erough 1o set
the flanges firmly apaingt the wheel.
Overtightening may crack the wheel. After
installing, GET YOURSELF AND EVERY-
BODY ELSE OUT OF THL LINE OF
THE WHEEL, tum the power on, and keep clear
until the gonder has run long enough to indicate
that the wheel is not going to fly apart.

If a wheel GLAZES rapidly. decrease the
speed of the grinder or put on a softer wheel, If
a wheel LOADS rapidly (LOADING means the
clogging of surface pores with the material being
ground), increase the speed of the grinder or put
on a softer wheel.

A glazed or jloaded wheel should be
DRESSED. and a wieel which has become
out-of-round or uregular on the surface must be
TRUED. The saine procedure is used to cure
both conditions. it is called DRESSING, and it
is done with a WHEEL DRESSER. CUTTER
and TUBE type dressers are shown in figure
3-64. A DIAMOND wheel dresser, which is the
most effective, is shown in figure 3-65.

106

CUTTEX TYPE DRESSER

" TUBE TYPE DRESSER

28.53(133E}A
Figure 3-64.—Cutter- and tubertype wheel dressers.
7

f DHAMOND wsHEEL DRESSIR
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28.63{133E)B
Figure 3-65.—Diamond wheet dresser.

The procedure for dressing 4 wheel 1y as
follows:

Adjust the tool rest to permit the wheel
dresser 10 contact the centerline of the wheel, as
shown in figure 3-66. The cutter type dresser is
held with the lug on the cutter against the front
edge of the tool rest, as shown in the figure. The
tube-type dresser is held flat on the tool rest, as
shown in figure 3-67.

Start the wheel and slowly press the dresser
against the face unti] you feel the dresser start to
“bite.”




Chapter 3-WOODWORKING SHOP AND FIELD TOOLS

SAFETY HOOD /% —
- __*,___—-"‘.-
3 \4 Epr

28.63(28C}
Figure 3-66.~Dressinyg wrth » cutter.type dresser.

e WHEE L DRESSER

28.63{133€10
Figurg 3-67.~Dressing with o tube.type dresser.

Move the dresser from side (o side and
gradually press 1t forward until you feel it “bite”
all the wiy across the face of the wheel.

Do not gnnd against the sides or comers of 4
wheel unless it is absolutely impossible to do the
grinding job on the face.

A gnnding wheel will gradually wear Jown,
or wall gradualty be dressed Jown, to a diameter

which is much smaller than the original
diameter. As the wheel becomes smaller, the
speed of the grinder should be increased to allow
for the reduced speed of travel of the smaller
grinding face, if the same speed is maintained
for the smaller wheel, the wheel will “act soft,”
and it will aiso wear down to0 rapidiy.

For whetting plane irons, chisels, and the
like, the faces of an oilstone iaust be perfectly
flat. An uneven face can be trued up on the side
of an old grinding wheel, or by rubbing on a
piece of moistened waterproof artificial abrasive
paper laid on a flat, true, hard surface.

The fragments >f a broken oilstone can be
rejoined as follows:

Bake al the oil out of the stone by heating
the fragments on a hot plate.

Scrub the fragments thoroughly with
drycleaning solvent Or aqua ammonia.

Dust the broken edges thickly with flake oOr
ground orange shellac. Work the shellac carefully
into all reeesses.

Reheat the fragments to melt the sheliac.
Join them together, and clamp them securely in
a handscrew.

If shellac is not available, cut a recess in 2
wocden clock to mount the fragments. Make the
recess a shade smaller than the length and width
of the stone, and make it one-half as deep as the
stone is thiek. Assemble the fragments and tap
thens into the recess with the mallet,

Keep oilstones away from heat and store
them in a cool place. Heat causes th* @il in a
stune to forim a gpurnmy residue on the surface




CHAPTER 4

WOODWORKING: MATERIALS AND METHODS

—~

Of all the different construction materials,
wood is probably the most often used and
perhaps the most important. The variety of uses
of wood is.practically unlimited. Few SEABEE
consguctlon projects are accomplished without
" using . some type of wood. It is used for
permanent structures as well as concrete forms,
scal'foldmg, shormgv and bracing which may be
used agaln and again. The types, sources, uses,
and characteristics of common woods are given
in tahle 4-1. The types and classifications of
wood-for-a Jafge project are usually designated
in the project specifications and included in the
project drawings.

Many methods and procedures are used in
woodworking. These are described later in the
chapter and include the layout, cutting, fitting,
and installation of moldings, cornices, cabinets,
and trim. In woodwerking, regardless of the
method or procedure used, there is always the

concern for safety. Precautions must— be
observed as they .apply to the job being done.

LUMBER

The terms wood, lumber, and timber are
often spoken or written in ways to suggest that
their meanings are alike or nearly so, But in the
Builders’ language, the terms ‘have distinct,
separate meanings. WOOD is the hard, fibrous
substance forming the major part of the trunk
and branches of a tree. LUMBER is’wood that
has been cut and surfaced for wuse in
construction work, TEIMBER is lumber that is 5
inches or more in both thickness and width. ,

SEASONING OF LUMBER

Seasoning of lumber is the result of
removing moisture from the small and large cells
of wood. Thne advantages of seasoning lumber
are to reduce its weight, increase its strength and
resistance to decay, and decrease shrinkage
which tends to avoid checking and warping after
it is placed. Lumb~r is seasoned by drying,
which means exposure to air. By a seldom used
and rather slow method of seasening, lumber is
air-dried in a shed or stacked in the open until
dry. By a faster method, known as kiln drying,
the lumber is placed in a large oven or kiln and
dried with heat supplied by gas- or oil-fired
burners. Lumber is considered dry enough for
most uses when its moisture content has been

Jreduced to about 12 or 15 percent. As a Builder,

you will learn to judge the dryness of luinber by
its color, weight, smell, and feel. Also, after the
lumber is cut, you will be able to judge the
moisture content by looking at the shavings and
chips.

DEFECTS AND BLEMISHES

A DEFECT in lumber is any flaw which
tends to affect the strength, durability, or utility
value of the lumber. A BLEMISH is a flaw which
mars only the appearance of lumber. But a
blemish affecting the utility value of lumber is
also considered to be a defect. For example, a
tight knot which mars the appearance of lumber
intended for fine cabinet work.

Various flaws apparent in lumber are listed
below. As described, each flaw is considered to
be a defect unless identified as a blemish.
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Table 4-1.~Cammon Woods

Type

Sources

Uses

Characteristics

Ashoooo

Balsa. ..

Basswood

Beech. ..

Birch. ..

Batternut

East of Rockies . .

Ecvador. « v v v v v

Eastern half of U.S.
with exception of
coastal regions.

East of Mississippt,
Southeastern

Canada.

East of Mississipp
River and North of
Guli Coast States,
Southeast Canada,
Newfoundland.

Sonthiern Canada,
Minnesota,
Eastern U. §. as
far south as
Alabama and
Florida.

QOars, boat thwarts,
benches, gratings,
hammer handles,
cabinets, ball bats,
wagon construction
farm implements.

Rafits, food boxes, linings
of refrigerators, life
preservers, loud
speakers, sound-proofing,
air-conditioning devices,
mode) airplane construc-
tion.

Low-grade furniture,
cheaply constructed
bueildings, interior
finish, shelving,
drawers, boxes, drain-
boards, woodenware,
novelties, excelsior,
general millwork.

Cabinetwork, imitation
mahogany furniture,
wood dowels, capping,
boat trim, interior
finish, tool handles,
turnery, shoe lasts,
carving, flooring.

Cabinetwork, imitation
mahogany furniture,
wood dowels, capping,
boat trim, interior
finish, tool handles,
turnery, carving.

Toys, altars, woodenware,
millwork, interior trim,
farniture, boats, scien-
tific instruments,

Strong, heavy, hard, tough,
elastic, close straight
grain, shrinks very little,
takes excellent finish,
lasts well.

Lightest of all woods, very
soft, strong for its
weight, good heat insulat-
ing qualities, odorless.

Soft, very light, weak, brit-
tle, not durable, shrinks
considerably, inferior to
poplar, but very uniform,
works easily, takes
screws and nails well
and does not twist or
warp.

Similar tg birch but not so
durable when exposed to
weather, shrinks and
checks considerabuy,
close grain, light gr dark
red color.

Hard, durable, {ine grain,
even texture, heavy, stitf,
strong, tough, takes high
polish, works easily,
forms excellent base for
white enamelfinish, hut
not durable when exposed,
Heartwood s light to dark
reddish hrown in color.

Very much like walnut in
color but softer, nhot so
soft as white pine and bass-
wood, easy to work, coarse
grained, fairly strong.

103.127.1
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Tabls 4-1.~Common Woods—Continuved

Type Sources Uses Characteristics

Cypress.. . .| Maryland to Texas, | Small boat planking, Many characteristics similar
along Mississippi siding, shingles, sash, to white cedar. Water re-
valley to Illinois. doors, tanks, silos, sistant qualities make 1t
railway ties. excellent for use as boat
planking .

Douglas Fir. .| Pacific Coast, Deck planking on large Excellent structural lumber,
British Columbia. ships, shores, strong- strong, easy to work, clear
backs, plugs, filling straight grained, soft, but
pieces and bulkheads of brittle. Heartwood is dur-
small boats, building able in contact with ground,
construction, dimension best structural timber of
timber, plywood. northwest.

Elm..... States east of Agricultural mplements, Shppery, heavy, hard, tough,
' Colorado. wheel-stock, boats, fur- durable, difficult to spht,
niture, crossties, posts, not resistant to decay.
poles.

Hickory. . . Arkansas, Tennes- | Tools, handles, wagon Very heavy, hard, stronger
see, Chiwo, Ken- stock, hoops, baskets, and tougher than other
tucky. vehicles, wagon spokes. native woods, but checks,
shrinks, didficult to work,
subject to decay and insect
attack.

Central America. Block sheaves and pulleys, | Dark greenish brown, unu-
waterexposed shaft bear- sually hard, close grained,
ings of small boats and very heavy, resinous, diffi-
ships, tool handles, cult to split and work, has
small turned articles, soapy feeling.

and mallet heads.

.1 Southern Atlantic Implements, wagons, ship | Very heavy, hard, tough,
and Gulf Coasts building . strong, durable, difficult to
of U.5., Oregon, work, light brown or yellow
California. sap wood nearly white.

Honduras, Mexico, | Furnmture, boats, decks, Brown to red colo., one of
Central America, fixtures, interior trim most useful of cabinet
Florida, west in expensive homes, woods, hard, durable, does
Indies, Central musical istruments. not split badly, open
Africa, other grained, takes beautiful
tropical sections. {inish when grain is filled

but checks, swells, shrinks,

warps slhightly.

103.127.2
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Tabls 4-1.--Common Woodi—Continuad

Sources

Uses

Characteristics

{
Norway
Pine.....

Philippine
Mahogany .

Poplar , , ,,

All stales east of
Colorado, South-
ern Canada.

States bordering
Great Lakes.

Philippine islands

Virginias, Tennes-
see, Kentucky,
Mississippi
Vallev.

East of Colorado
and north of
Florida.

Virginias, Tennes-
see, Arkansas,
Kentucky, Ohio,
Missouri, Mary-
land.

California.

Excellent furniture, high-
grade floors, tool handles,
ship construction cross-
ties, counter tops,
bowling pins.

Dimension timber, masts,
spars, piling, interior
trim.

Pleasure boats, medium-_
grade furniture, interior
trim.

Low-grade furniture
cheaply constructed
buildings, interior
finish, shelving, drawers,
boxes.

Mothproof chests, liming
for linen closets, sills,
and other uses similar
to white cedar.

Interior finish, furnitere,
cabinets, millwork,
crossties when preserved.

General construction,
tanks, paneling.

Fine grained, grain often
curly or "Bird's Eyes,"
heavy, tough, hard, strong,
rather 2asy to work, but
not durable. Heartwood is
light brown, sap wood is
nearly white.

Light, fairly hard, strong,
not durable in contact with
ground.

Not a true mahogany,
shrinks, expands, splits,
warps, but available in
leng, wide, clear boards.

Soft, cheap, obtainable in
wide boards, warps,
shrinks, rots easily, light,
brittle, weak, but works
easily and holds nails well,
fine-textured.

Very light, soft, weak, brit~
tle, low shrinkage, great
durability, fragrant scent,
generally knotty, beautiful
when finished in natural
color, easily worked.

Tends to warp, coarse grain,
does not last well when ex-
posed to weather, porous,
easily impregnated
with preservaiive, heavy,
tough, strong.

Inferior to vellow pine and
fir in strength, shrinks and
gplits little, extremely
soft, light, straight grained,
very durable, exceptionally
decay resistant

103.127.3
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Table 4-1.—Common Woods—Continued

Sources

1

Uses

Characteristles

Wainut « .+« -

New York, New
England, West
Virginia, Central
Canada, Great
Lakes States,
idaho, Washington,
Oregon.

California, Oregon.

India, Burma,
Siam, Java.

Eastern half of U.S.
except Southern
Atlantic and Gulf
Coasts, some in
New Mexico,
Arizona,
California-

Eastern Coast of
U.8., and around
Great Lakes..

Virgwnias, Tennes-
see, Arkansas,
Kentucky, Ohio,
Missouri, Mary-
land, Indiana.

Railway ties, resonance
wood, piles, airplanes,
oars, masts, spars,
baskets.

Same as white pine.

Deck planking, shaft
logs for small boats.

Expensive furniture, cab-
inets, interior woodwork,
gun stocks, tool handles,
alrplane propellers, fine
boats, musical instru-
ments.

Boat planking, railroad
ties, shingles, siding,
posts, poles.

Boat and ship stems, stern-
posts, knees, sheer
strakes, fenders, cap-
ping, transoms, ghaft
logs, framling for baild-
ings, strong furniture,
tool handles, crossties,
agricultural iinplements,
fence posts.

Light, soft, low sttength,
fair durabllity, close grain,
yellowlsh, sap wood
indistlnct.

Very light, soft, resembles
white pine.

Light brown color, strong,
easily worked, durable,
resistant to damage by
toisture.

Fine cabinet wood, coarse
grained but takes beautiful
finish when pores closed
with woodflller, medinum
welght, hard, strong,
easily worked, dark choco-
late color, does not warp or
check, brittle.

Soft, light welght, close
grained, exceptionally dur-
able when exposed to water,
not strong enough for build-
Ing construction, brittle,
low shrinkage, fragment,
generally knotty.

Heavy, hard, strong, medium
coarse grain, tough, dense,
most durable of hardwoods,
elastic, rather easy to work,
but shrinks and likely to
check. Light brownish
grey in color with reddish
tinge, medullary rays are
large and outstanding and
present beautiful figures
when quarter sawed, re-
ceives high polish

103.127.4
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Table 4-1.—Common Woods—Contintied

Sources

Uses Characteristics

Minnesota, Wiscon-
sin, Maine, Mich-~
igan, ldaho,
Montana, Wash-
ington, Oregon,
California

Virgima (o Texas.

blocks.

BARK POCKET-Patch of bark over which
the tree has grown, and which it has entirely or
almost entirely enclosed.

CHECK ~Separation aicng the lengthwise
grain, caused by too rapid or nonuniform

drying.

CROSS GRAIN-Grain does not run parallel
to or spirals around the length wise axis.

DECAY—Deterioration caused by various
fungi.

KNOT—-Root section of a branch that may
appear on a surface in cross section or
lengthwise. A cross-section knot may be loose or
tight. A leagthwise knot is called a SPIKE
KNOT.

PITCH POCKET -Deposit of solid or ligquid
pitch enclosed in the wood.

Patterns, axy interior job
or exterior joo that does-
n't require maximum
strength, window sash.
interior trim, mitlwork,
cabinets, cornices.

Most important iumber for
heavy construction and
exterior work, keelsons,
risings, filling pieces,
clamps, floors, bulkheads
of small boats, shores,
wedges, plugs, strong-
backs, staging, joists,
posts, piling, ties, paving

Easy to work, fine grain,
iree of kpots, takes excel-
lent finish, durable when
exposed to water, expands
when wet, shrinks when dry,
soft, white, nails without
splitting, not very strong,
straight grained.

Hard, strong, heartwocd is
durable in the ground, grain
varies, heavy, tough, red-
dish brown in color, resin+
ous, medullary rays well
marked.

103.127.5

SHAKE -Separation along the lengthwise
grain that exists before the tree is cut. A
HEART SHAKE moves outward from the center
of the tree and is caused by decay at the center
of the trunk. A WIND SHAKE follows the
circular lines of the annual rings; its cause is not
definitely known.

BLUE STAIN-Blemish caused by a mold
fungus; it does not weaken the wood.

WANE —-Flaw in an edge or corner of a board
or timber. It is caused by the presence of bark or
lack of wood in that part.

WARP-Twist or curve that develops in a
once flat or straight board due to shrinkage.

SIZES OF LUMBER

Standard lumber sizes have been established
in the United States for uniformity in planning
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struactures and in ordering materials, Lumber i3
identified by NOMINAL SIZES. The nominal
size of a piece of lumber islarger than the actual
DRESSED dimensions. By referring to table 4-2,
you can determmine the common widths and
thucknesses of [umber in their NOMINAL and
DRESSED dimensions.

CLASSIFICATION
OF LUMBER

In general. sofiwood lumber is classified
according to its use, type of manufacture, and
size.

Use

Softwood lumber is classified by use as
YARD, STRUCTURAL, FACTORY, and SHOP
Jumber. Yard Jumber consists of those grades,
sizes, and patterns generally intended for
ordinary building purposes. Structural lumber is
2 or more in. 1n nominal thickness and width
and 1s used where working stresses are required.
Factory and shop luinber is used primarily for
bailding cabinets and interior finish work.

Manufacturing

Manufacturing classifications consist of
ROUGIH, DRESSED 4{surfaced), and WORKED
lumber. Rough lumber has not been dressed, but
has been sawed, edged, and trimmed. Dressed
lumber has been planed on one or more sides to
attain smoothness and uniformity. Worked
lumber, in addition ta being dressed, has also
~ been matched. shiplapped, or patterned.
Matched lumber is tongue and groove, either
sides and/or ends. Shiplapped fumber has been
rabbeted on both edges to provide a close-lapped
joint. Patterned lumber 15 designed to a pattern
or molded form.

Size

Sottwood lumber is classified Dy its nominal
size as BOARDS. DIMENSIONS, and TIMBERS.

4-7

(See table 4-2.) Boards are less than 2 inches in
thickness and 2 or more inches in width. Those
less than 6 inches in width may be classified as
strips. Dimensions are from 2in. to, but not
including, 5 inches in thickness and 2in. or
more in width. Joists, planks, rafters, and studs
are examples of dimension lumber. Timbers are
5 or more in. in both thickness and width.
Beams, girders, posts, caps, etc., are classified as
timbers.

GRADING OF LUMBER (SOFTWOODS)

Lumber is graded for quality in accordance
with American Lumber Standards set by the
National Bureau of Standards for the U.S.
Department of Commerce. The major quality
grades, in descending order of quality, are
SELECT LUMBLR, and COMMON LUMBER.
Each of these grades has subdivisions in
descending order of quality as follows:

GRADE A lumber is select lumber which is
practically free of defects and blemishes.

GRADE B lJumber is select lumber which
contains a few minor blemishes. .

GRADE C lumber is finish lumber which
contains more numerous and more significant
blemishes than grade B. It must be capable of
being easily and thoroughly concealed with
paint.

GRADE D lumber 1s finish lumber which
confains more numerous and more significant
bicmishes than grade C, but which is still capable
of presenting a satisfactory appearance when
painted.

NO. 1 COMMON lumber is sound,
tightknotted stock, containing only a few minor
defects. It must be suitable for use as watertight
lumber.

NO. 2 COMMON lumber contains a limited
number of significant defects, but no knotholes
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Tabla 4-2..-Nominal and Dressed Sizes of Lumbar

THICKNESSES FACE WIDTHS

NOMINAL DRESSED NOMINAL DRESSED
Inches Inclies

1-1/2
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or other serious defects. It must be suitable for
use as graintight humber.

NO.3 COMMON ‘lumber contains a few
defects which are larger and coarser than those
in No.2 Common; occasional knotholes, for
example.

NGC.4 COMMON lumber is low-quality
material, containing serious defects like
knotholes, checks, shakes, and decay.

NO. 5 COMMON is capable only of holding
together under ordinary handling.

BOARD MEASURE

BOARD MEASURE 15 a method of
measuring lumber in which the basic unit is an
abswvact volume | ft long by | ft wide by 1 in.
thick. This abstract volume or unit is called a
BOARD FOOT.

There are several formulas for calculating the
nimber of board feet in a piece of given
dimensions. Since lumber dimensions are most
frequently indicated by width and thickness in
inches and length 1n feet, the following formula
1s probably the most practical.

Thickness m mches x wadth i inches x length e feey

2 = board feet

Suppose you are calculating the number of
bozard feet in a 14-ft fength of 2 by 4. Applving
the formula, you get,

| 2
%= 238=9 1/3 bd ft

g
3

The chief practical use of board measure is
in cost calculations, since lumber is bought and
sold by the board foot. Any lumber less than
| in. thick is presumed to be I n. thick for

4-9

board meastire purposes Board measure is
calculated on th= basis of the NOMINAL, not
the DRESSED (actual), dimensions of lumber.
As explainea above, the actual size of a piece of
dimension lumber (such as a 2by4, for
example) is usually less than the nominal size.

HANDLING AND STORAGE
OF LUMBER

The advances made in the mechanized
handling of lumber have to a great exient
changed storage and handling methods. The
development of handling equipment, such as
forklift and straddle trucks or carriers, that can
be used (o pile, unpile, and transnort lumber has
brought about revolutionary changes in storage
and handiing practices; the most notable beinz
the handling Of lumber in packages (drafts).
Regardless of whether lumber is handled by
mechanized equipment or &y manual labor, the
objectives of storage and handling are
unchanged.

The objective of lumber storage is to
maintain the Jumber at or bring it t0 a moisture
content suitable for its end use with a minimum
of deterioration. The objective of lumber
handling is to load, transport, unload, pile, and
unpile lumber economically and without
damage. Both Of these objectives are obtained
easily if good handling and storage practices are
followed. Adeq.ate protection of humber in
storage will help prevent attack by fungi, insects,
and changes in moisture content that will result
in checking, warping, and stain in lumber and
make it unsuitable for the intended use.

The storage yard should be located near a
spot where the lumber is easily accessible for
use. The best location would be on high, level,
and well-drained ground—away from bodies of
water or wind-obstructing objects, such as tall
trees or buildings, and away from operating
vehicles Or equipment that might damage the
lumber. A low level site is likely to be damp and
sheitered from the flow of fresh air-conditions
that may retard drying and expose the lumber to
stain and decay.

lg
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Figure 4-2.—Built-up beam.

LAMINATED UPPER
CRO

LAMINATED LOWER CHORD

The Iu:nber must be stacked on level timber
silis with solid suppotis tc prevent direct contact
with the ground. All nails protruding from used
losiiber should be pulled out before it is stacked.
The height of the lumber pile should not exceed
16 ft; the width should be less than one-fourth
the height Cross strips of wood, called stickers,
must be placed in piles that are stacked more
than 4 ft high. When the lumber is unpiled, each
layer must be removed before another is begun.

Lumber handlers should wear leather gloves
and hard hats. They should use their legs in lift-
ing to avoid straining their backs. A load that is
too heavy or awkward to be handled for one per-
son requires handling by two or more persons.

LAMINATED LUMBER

Laminated wraber (fig. 4-1) is made of
several pieces of lumber, called laminations,
Usually ! 1/2in. thick, the pieces are nailed,
bolted, o1 giued together with the grain of ail
pieces Tunning parallel. Laminating greatly
increases the wood’s load-carrying capagity and
rigidity. When extra langth is needed, the pieces
are spliced—with the splices staggered so that no
two adjacent laminations are spliced at the same
point, Brit-up beams and girders are examples
of laminatzd lumber. They are buili as shown in
figurc 4-2, usually nailed or bolted together and
spliced.

Laminations may be used independently or
with cother materials in the construction of a
structural unit, Trusses can be made with

SAWED LUMBER wEB
MEMBERS

Figurs 4-3.—Truss using ;aminated and sowed lumber.
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N
s

LAMINATED §]
FLANGE R

PLAIN SCARF

PLYWOOD OR SaweD
LUMBER WE3

45.8M1
Figure 4-4.—Laminated and sawed lumber or plywood
bear.

STEPPED SCARF

45.873
Figure 4-8,—Scarf jaints.

£ W PLYWOOE
PANEL SKINS

with spans in excess of 100t and depths of

8 1/2ft have been constructed using 2-in.

boards. Laminations this large are factory

produced. They are glued together under

45,872 pressuyre. Most laminations are spliced using

Figure 4-5,~Stressed skin panel. SCARF JOINTS (fig. 4-6), and the entire piece

is dressed to insure uniform thickness and width.

The depth of the lamination is placed in a

lamthations for the chords and sawed lumber for | horizontal position and is usually th2 full width

the web members. (See fig. 4-3.) Special beams of the beam. (See fig. 4-7.)

may be constructed with laminations for the
flanges and plywood or sawed lumber for the
webh, as shown in figure 4-4. A unit, such as

LAMINATED FAHNEL FRAME

plywood box beams and stressed skin panels, PLYWOOD
can contain both plywood and laminations. (See
fig. 4-5.}
Probably the greatest use of laminations is in Plywood is a panel product made from thin

the fabrication of large beams and arches. beams sheets (plys) of wood called vencers which are

4-11
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_-DEPTH OF LAMINATION
/

T
e kL

SCARF JOINTS

Figure 4-7.—Laminated beam.

lamiiated together. The grain of each ply
normally runs at right angles to adjacent plys.
(See fig. 4-8.) An odd number of veneers—three,
five, or seven—is generally used so the grain
direction on the face and back of the panel run
in the same direction. Crossdamination E
distributes the grain strength in both directions, ACE
creating a panel that is split-proof and pound for CORE
pound, one of the strongest building materials

available. Plywood can be worked quickly and CENTER
easily with common carpentry tools. It holds CORE
nails well and normally does not split when nails

are driven close to the edges. Finishing plywood BACK
presents no unusual problems as it may be

sanded or texture coated with a4 permanent

finish, or it may be left to weather naturally.

There is probably no building material as
versatile as plywood. It is used for concrete Figure 4-8.—Grain direction in a sheet of plywood.
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forms, wall and roof sheathing, flooring, box
beams, soffits, stressed-skin panels, paneling,
shelving, doors, furniture. cabinets, crates, signs,
and many other items.

SIZES OF PLYWOOD

Piywood: panels commonly used in building
construction come 1n standard sizes of 4 ft by
8 ft or 48 in. by 96 . In metric. this might very
well go to 1200 by 2400 millimeters.

Plywood 1s available, however, in panel
widths of 36, 48, and 60 in, Panel lengths range
from 60 to 144 mches in 12in. increments.
Other sizes of plywood are available on special
order. The thickness of plywood usually runs
from 1/4 to 3/4 in. but other sizes and thickness
may be obtained.

Special order “natural finish™ veneer.
Select all heartwood or all sapwood.
Free of open defects. Allows some
repairs.

Smooth and paintable. Neatly made
repairs permissible. Also used for natural
finish in Jess demanding applications.

Solid surfice veneer. Circular repair
plugs and tight knots permitted.

Knotholes to 1", Occasional knotholes
1/2" larger permitted providing total
width of all knots and knotholes within
a specified section does not exceed
certain limits. Limited splits permitted.
Minimum veneer permitted in Exterior-
type plywood.

[mproved C veneer with splits limited to
1/8" in width and knotholes and borer
holes limited to [/4" by 1/2".

Permits knots and knotholes to 2-1/2" in
width and 1/2" larger under certain
specified limits. Limited splits permitted.

Figure 4-8.—Plywood venesr grades.

GRADES OF
PLYWOOD

All plywood panels are graded as to quality,
based oa products standards (currently PS 1-74).
The jrade of each type of plywood is
determined by the kind of veneer(N, A, B,C, or
D) used for the face and back of the panel (fig.
4-9) and also. the type of glue used in
construction. For example, a sheet of plywood
having the designation A-C would have the A
grade veneer on the face and the C grade vencer
on the back. Grading is also based on the
number of defects, such as knotholes, pitch
pockets, splits, discolorations, and patches in the
face of each pancl. Each panel or sheet of
plywood has a stamp on the back which givesall
the information you will need. (See fig. 4-10.)

TYPICAL BACK-STAMP

GRabE OF vEWEER on faMEL Facl

GRaDE OF vENEER ON
PankL Bilx

SPELTES Gadup

wier—GROUP 1{ APA]
;::5.?;.'sa*s$%mrgg(T_l‘;4R|0R -

PREDULT §FaR0aRD GOVERMING
MakyFal TURE

TYPICAL EDGE-MARK

CRADE OF vENEER ON PamEL FRCE
GAMDE OF vENEER ON FAREL Balx

LESIGHATES THE TY¥el OF o rwlod
ExTERIOR GR INTERIOR
PAODVCT STANGARD
GOERNING
UakyFa{ TUAE

00—

ML nuwBER

AC 61 EXT-APA - Ps 174 ogo
1 {

SPECIES GROVP NumBER

MiLL WuMBER

133426
Figure 4-10.~-Standard identification fymbols.
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TYPES OF PLYWOOD

Plywood is classified into two types.
INTERIOR and EXTERIOR. Types are
determined by their capability to withstand
weather exposure and also denotes their veneer
grade and adhesive durability. There are a
nurnber of grades within each type of plywood
which are based on the quality of the veneer of
the panzl.

Interior-type plywood will withstand an
occasional wetting during construction. but
shoutd not be permanently exposed to the
elements. Within the interior-type classification,
there are three levels of adhesive durability: (1)
interior with interior glue, which may be used
where the plywood will not be subiect to
continuing moisture conditions or extreme
humidity; {2) intertor with intermediate glue
which is bonded with adhesives possessing
high-level resistance to bacteria. mold. and
moisture; and {3) nterior with exXterior
waterproof glue. Because of the roughness of the
inney plys of interior plywood. these panels are
not equal in durabibity to exterior ply wood.

Exterior-type plywood is produced with C
grade vencers or better throughout and bonded
thoroughly with a waterproof adhesive. It
retains the glue bond when wet and dried
repeatedly or otherwise subjected to the
weather. It 15 intended for permanent exterior
exposure.

SPECIAL PURPOSE PLYWOOD

Some types of plywood are manufactured
for specific purposes Among these types are the
structural, sheathing, overlaid panels. decorative
panels, and concrete form panels. See figure
4-11 for some of the suggested uses of ihe
various types of plywood.

Structural

These are unsanded g-ades of C-D plywood
made only with exter.or glue. Structural

4-14

plywood is recommended for heavy load
application where strength properties are of
maximum importance. Such would include box
beams, gusset plates, and stressec skin panels.

Sheathing

Intenor-type standard C-D sheathing is used
for subflooring, wall sheathing, and roof
decking. The face and baek are of the lower
grades and an exterior-type glue is used. 1t 1s
basically used in places that may be exposed to
moisture during construction, but 15 covered
when consiruction is compiete.

GOverlaid Panels

Overlaid panels are exterior or interior
plywood which has a resin-treated fiber-
surfacing material on one or both sides. The
overlaid panels are treated so they wall take
and hold paint and finishes more readily. They
are recommended for use in furniture, mill work,
and cabinets, or exterior trum and painted
finishes,

Decorative Panels

Decorative panels are nianufactured for both
interior and exterior uses. Both types are
basically used for wall sheathing. The exterior
type is manufactured in a multitude of designs
and patterns. It can be painted. stained, or left
to weather naturally. Interior paneling also is
available in many designs and patterns, but is
usually prefinished. Decorative panels are not
only 3available in the wood and wood-like
finishes, but also in many other types of
finishes.

Concrete Form Panels

This type of plywood has a coating over its
exterior face 10 make it moisture resistant and
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™

SOFTWOOD PLYWOOD GRADES FOR EXTERIOR USES

=

GRADE INNER
(EXTERIOR) PLYS USES

A-A A Outdoor where appearance of both sides is
important.

A-B ~ Alternate for A-A, where appearance of one
side is Jess important.

AC A ""Siding, soffits, fences. Face is finish grade.

BC For utiliiy uses such’as farm buildings, some
kinds of fences, etc.

CC . Excelient base for tile and linoleum, backing
~ (Plugged) ’ for wall covérings.

CC 1 Unsanded, for backing and rough construction
exposed to weather. )

| . :
B-B Concrete forms. Re-use until wood literally
Concrete Forms wears ouh.

<7 ™MDO p— Medium Density Overlay. {deal base for paint:
C-Plugged for siding, built-ins, signs. displays.

HDO C-Plugged | High Dedsity Overlay. Har:l surface; no paint;
-] needed. For concrete forms, cabinets, counter
tops, tanks.

SOFTWOOD PLYWOOD GRADES FOR IFITE RIOR USES

GRADE INNER
(INTERIOR) | FACE PLYS USES

A-A A D Cabin¢t doors, built-ms, furniture where both
sides will show,

A-B A D Alternate of A-A. Face 1s finish grade, back is
solid and smooth.

A-D Fimish grade face for panecling, buit-ins,
backing.

3.D \ Utility grade. One paintable side. For backing,
cabinet sides, etc.

STANDARD Sheathing and structural uses such as
temporary enclosures. subfloor. Unsanded.

Figure 4-11.—Mywood uses.
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nonadhesive 10 concrete when used as forming
material. The exterior coating reduces the
rumber of times the forms must be oiled and
allows the panels {0 be reused many times.

IDENTIFICATION STAMPS

Grading identification stamps, indicating the
kind and type of plywood, are placed not only
on the back but are also placed on the edges of
each sheet of plywood. (Sec fig. 4-10.)

Figure 4-12 illustrates the stamps found on
the backs of structural and sheathing panels.
They vary somewhat from the standard stamps.
The grade is not given nor is the species group.
The index numbers 48/24 and 32/16 give the
maxtmum spacing in inches. The number o the
left of the slash is the maximum on center
spacing of supports for roof decking. The
number to the right of the slash is the maximum
on cenie " spacing of supports for subfloors. A
number O on the right of the slash would
indicate that the panel should not be used for
subflooring. No reference 1o the index number is
needed when the panel is to be used for wall
sheathing. el

—
-

PLYWOOD STORAGE

Because of the conditions of its manu-
facture, plywood can generally be assumed

STRUCTURAL |

48/24()
INTERIOR
PS M

EXTERIOR GLUE

STRUCTURAL 11

32/ 16()
INTERIOR

chtts 000 s
EXTERIOR GLUE

STANDARD

32/16(”9
INTERIOR
133.429

Figure 4-12.-Structurel and theathing identification
symboit.
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10 be dry when received. It should therefore, be
stored in a closed shed. For long storage in
winter or the rainy season, a heated storage
building is recommended.

Plywood is commonly piled solid. Under
humid conditions, there is some tendency for
the edges to swell causing an unieven dish-like
pattern especially in the upper panels of high
stacked piles. Dishing can be minimized by
placing stickers (strips of wood) in the pile at
intervals so that the plywood will not bend
between them.

COMMON wOOD SUBSTITUTES

There are many other common construction
materials which for various reasons are used as
wood of plywood substitutes. Some are
significantly less expensive than plywood, and
others are mote suitable because of their
decorative appearance, weather-resistant, or fire
resistant qualities. Some of these wood
substitutes are hardboard, fiberboard, pa.ticle-
board. gypsum wallboard, and cement-asbestos
board.

HARDBOARD

Hardboard is made by separating and
treating wood fibers which are subjected ¢o lieat
and heavy pressure. Hardboard is available in
thickness from 1/8 to 3/8in. and the most
common size sheets are 4 by B f1, but other sizes
are available. The finish may be obtained in a
plain, smooth surface or in any number of glossy
finjshes, some of which imitate tile o1 stone.
Bécause hardboard is produced by compressing
separated wood fibers, it has no grain, and
therefore, no splitting or slivering occurs when
working with it. Its strength is equal in all
directions, and it can be bent into various
shapes.

FIBERBOARD

Fiberboard which conforms to Federal
Specification LL-F-321, is made of wood or
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vegetable fiber, and compressed to form sheets
or board. It is available in sizes from 1/2 in. to
| in. thick, 2 to 4 ft in width, and 8ft to 12 ft
in length. Fiberboards are comparatively soft
and provide good insulation and sound
absorbing qualities. Fiberboard usually has a
- rough Surface, but is also available with finished
surfaces.

PARTICLEBOARD

Particleboard is commonly referred to as
flakeboard or chipboard. It is produced by
mixing a resin bonding agent with wood
particles and bonded together by means of heat
and pressure. The most common size sheets are
4 ft by 8ft and vary from 1/4in. to 1 1/2in.
thick. Particleboard is very low in strength and
generally is limited to norstructural use, such as
furniture or flocr underlayment.

GYPSUM WALLBOARD

Gypsum wallboard. which <onforms to Fed-
eral Specifications SS-L-306, is composed of
gypsum between two layers of heavy paper. The
most common thicknesses of this waliboard are
1/4-, 3/8-, 1/2-, and 5/8 in. Its width is usually
4 ft and its length varies from 8 to 14 ft,

Some types have unfinished surfaces, while
others have finishes which represents woodgrain
or tile. The joints of the unfinished type may be
covered with strips of joint paper to form
panels. Another commonly used type of gypsum
wallboard has depressed or tapered edges. The
joints are filled with a special cement and then
taped so that the joints do not show and then
can be painted. This procedure is commonly
known as DRYWALL. It is particularly useful in
office and berthing spaces where scund
deadening and fire resistant materials are
desired.

CEMENT-ASBESTOS BOARD

Cement-asbestos board (CAB) is a light-
weight matenal produced by mixing portland

4-17

cement and asbestos fibers. It is light
gray in color, and is fire and weather resistant.
Cement-asbestos board can be obtained in flat or
corrugated sheets, but the flat 1/4 in. by 4 ft by
8 ft sheetc are the most common used in
construction. CAB is noi normally used by the
SEABEES in new construction, but is most
frequently used for exterior repairs on older
buildings. Remember, this type material
contains asbestos, and extreme caution in
avoiding breathing of asbestos particles must be
observed when working with it. Asbestos has
been determined to have caused cancer. Prior to
working with asbestos, review article 2058 of
the Safety Precaution for Shore Activities
manual NAVMAT P-5100. This article covers
safety precautions fo observe while working
around mineral dusts.

WOODWORKING METHODS

The following sections will explain some of
the methods used in wood working by explaining
the procedures involved when developing various
woodworking joints.

PLANING AND SQUARING
TO DIMENSIONS

Planing and squaring a small piece of board
to dimensions is what you might call the first
lesson in woodworking. Like many other things
that you might of tried to accomplish, it looks
easy untjl you try it. The six major steps in this
process are jllustrated and described in figure
4-13. You should practice these steps until you
can get a smooth, square board with a minimum
of planing.

JOINTS AND JOINING

One basic skill of woodworking is the art of
JOINING pieces of wood to form tight, strong,
well-made JOINTS. The two pieces which are to
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X%
1 WORK FACE

PLANE ONE BROAD SURFACE SMOOTH ANN STRAIGHT TEST 1T 4 SECOND END
CROSSWISE, LENGTHWISE, AND FROM CORNER TO CORNER MARK
THE WORK FACE X

MEASURE LENGTH AND SCRIGE AROUND THE STOCK A LINE
SCUARE TO THE WORK EDGE ANO WORK FACE SAW OFF EXCESS
STOCK NEAR THE LINE AND PLANE SMOOTH TO THE SCRIBED
UNE TEST YTHE SECOND END FROM BOTH THE WORK FAGE AND
THE WORK EDGE

2 WORK EDGE -

PLANE ONE EDGE SMODTH: STRAIGHT ARD SOUARE TO THE WORK 5 SECOND EDGE
FACE TEST IT FROM THE wORK FACE MARK YHE WORK EOGE X
FROM THE WORK EDGE GAUGE A LINE FOR WIDTH ON BOVH

FRCES PLANE SMOOTH, STRAIGHT, SCUARE AND TO THE
GaUGE LINE TEST THE SECOND EOGE FROM THE WORK FACE

v -w X "
:i%‘o

FLANE ONE END SMOOTH AND SQUARE TEST iT FROM THE WORK THE STOLK PLANE THE STOCK TO THE GAUGE LINE TEST
FACE ANQ WORK EDGE WMARK THE wORK END X THE SECONQ FACE AS THE WORK FACE IS TESTED

6 SECOMD FACE

3 WORK END~ FROM THE WORK FACE GAUGE A LINE FOR THICKNESS AROUND

'44.108
Figure 4-13.—Planing and squaring to dimensions.

be joined together are called MEMBERS. The the router plane (for smoothing the bottomns of
two major steps in making joints are the layout dados and gains) are also helpful.
of the joint on the ends, edges, or faces of the .
members, and the cutting of the members to the Simple joints like the BUTT (figs. 4-14 and
required shapes for joining. 4-15), the LAP joints (fig. 4-16), and the MITER
joints (fig. 4-17) are used mostly in rough or
The instruments normally used for laying finish carpeniry, though they may be used
out joints are the try, miter, combination occasionally in millwork and furniture making.
square, the sliding T-bevel, the marking or More complex joints like the RABBET joints
mortising gage, and a scratch awl, sharp pencil, {fig. 4-18), the DADO and GAIN joints (fig.
or knife for scoring lines. For c.tting the more 4-19), the MORTISE-AND-TENON- and SLIP
compiex joints by hand, the backsaw, dovetail TENON joints (fig. 4-20), the BOX CORNER
saw, and various chisels are essential. The joint (flg. 4-21) and the DOVETAIL joints {fig.
rabbet-and-fillister plane {for rabbet ioints) and 22) are used mostly in making furniture or

4-18
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i
¥

T [EE ~
T A AT,
- CAa e s

Figure 4-15.—End butt joint with fish platas.

cabinets, and millwork., Of the EDGE joints
shown in figure 4-23, the POWEL and SPLINE
are used mainly in furniture and cabinet work,
while the PLAIN BUTT and the TONGUE-
AND-GROOVE are used 1n practically all types
of woodworking.

The joints used in rough and finish carpentry
are for ithe most part simply nailed together.
Nails in a 90-degree plain butt joint may be

CORMER HALP-LAP

88.38.2
Figure 4-16.~Lap joints.

driven through the member abutted against and
into the end of the abutting member, or they
may be TOENAILED at an angle through the
faces of the abutting member into the face of
the member abutted against, as shown in figure
4-24. Studs and joists are usually toenailed to
sole plates and sills.

The more complex furniture and cabinet-
making joints are usually fastened with glue,
with additional strength provided as necessary
by dowels, splines, corrugated fasteners, slip
feathers, keys, and other types of joint-fasteners.
In the dado’ joint, the gain jeint, and
mortise-and-tenon joint, the box corner joint,
and the dovetail joint, the interlocking character.
of the joint is an additional factor in fastening

With the possible exception of the dovetail
joint, all the joinfs which have been mentioned
can be cut either by hand or by machine.
Whatever the method used, and whatever the
type of joint, always remember the following
rule: TO INSURE A TIGHT JOINT, ALWAYS
CUT ON THE WASTE SIDE OF TIIE LINE,

4-19
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MITER wITH
SPLIHE

PLAIH MITER JOINT

Figura 4-17.—Miter joints.

NEVER ON THE LINE ITSELF. Preliminary
grooving on the waste side of the line with a
knife or chisel will help a backsaw start
smoothly.

Half-Lap Joints

For halfsdlap joints, the members to be
jointed are usually of the same thickness, as
shown in figure 4-16. The method of laying out
and cutting an end butt haif-lap (fig. 4-16), is to
measure off the desired amount of 1ap from each
end of each member and square a line all the
way around at this point. For a corner half lap
(fig. 4-16), measure off the width of the mcmber
from the end of each member and square a line
all the way round. These lines are called
SHOULDER lincs.

4.20

Next, select the best surface for the FACE,
and set « marking gage to one-half the thickness
and score a line (called the CHEEK LINE) on
the cdges and end of each member, from the
shoulder line on one edge to the shoulder line on
the other edge. BE SURE AND GAGE THE
CHEEK LINE FROM THE FACE OF EACH
MEMBER. This insures that the faces of each
member will be flush after the joints are cut.

Next, make the shoulder cuts by cutting
along the waste side of the shoulder lines down
to the waste side of the cheek line. Then make
the cheek cuts along the waste side of the cheek
lines. When all cuts have becn made, the
members should fit together with faces, ends,
and edges flush, or near enough to be made flush
with the slight paring of a wood chisel.

Other half lap joints are laid out in a similar
manner. The main difference is in the method of
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Figura 4-18.—~Rabbst joints.

DADO JOINT

PR

T

P
- M

Figure 4-19.-Dado and gein joints.

cuiting. A cross half lap joint may best be cut
with a DADO head or wood chisel rather than a
hand saw. Others may easily be cut on a
bandsaw, being certain to cut on the waste side
of the lines, and making 21l lines from the face
of the material,

Miter Joints

A miter joint i made by MITERING
(cutting at an angle) the ends or edges of the

4-21

members which are to be joined together. (See
fig. 4-17.) The angle of the miter cut is one-half
of the angle which will be formed by the joined
members. In rectangular mirror frames,
windows, door casing, boxes, and the like,
adjacent members form a 90° angle, and the
correct angle for mitering is consequently
one-half of 90°, or 45°. For members which will
form an equali-sided figure with other than 4
sides (such as an octagon or a pentagon), the
correct mitering angle can be found by dividing
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Figure 4.21.—Box corner joint.

the number of sides the figure will have into 180
and subtracting the result from 90. For an

i iteri i THROUGH SIRGLE
°Ct380nl gB—suied figure), the mitering angle is 90 THROUGH SINGL

-go-, or 67.5°. For a pentagon (5-sided

figure), the angle is 90 minus%g or 54°.

minus

Figure 4-22.-Dovetail joints.
4.22
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COWELED TONGUE AND GROOVE SPLINE
68.37
Figure 4.23.—Edge joints.
' Members can be end-mitered to 45° in ‘he
=" —1 wooden miter box and to any angle in the steel
’__ miter box by setting the saw to the desired angle

of on the circular saw by setting the meter gage
to the desired angle. Members can be
edge-mitered to any angle on the circular saw by
tilting the saw to the required angle,

Sawed edges are sometiines unsuitable for

Q. A gluing; however, i the joint is to be glued, the

edges may be mitered on a jointer as illustrated
i infigure 425,

L "-‘ ' Since a'utting surfaces of end-mitered
. members do not hold well when they are merely

glued, they should be reinforced. One type of
[ reinforcement is the CORRUGATED FAS-
: TENER. This is a ccrrugated strip of metal
j with one¢ edge sharpened for driving into the
joint. The fastener is placed at a right angle to
133.82 the line between the members, half on one

Figure 4-24.—Toanailing. member and half on the other, and driven down

4-23
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Figure 4-25.—Beveling on a jointer for a mitered edge
joint.

flush with the member. The corrugated fastener
mars the appearance of the surface into which it
is driven. and therefore, it is used only on the
backs of picture frames and the like.

A more satisfactory type of fastener for a
joint between end-mitered members is the SLIP
FEATHER. This is a thin pece of wood or
veneer which 15 glued into a kerf cut n the
thickest dimension of the joint. First, saw about
halfway through the woud from the outer to the
inner corner, then apply glue to both sides of
the slip feather, pushing the slip feather into the
kerf. Clamp it tight and allow the glue to dry.
After it has dried, remove the clamp and chise!
off the protruding portion of the slip feath: ¢

A joint between edge-mitered members may
also be reinforced with a SPLINE. This is a \hin
piece of wood which extends across the join:
into grooves cut in the abutting surfaces. A
spline for a plain miter joint is shown in tigure
4-17. The groove for a spline can either be cut
by hand or by a circular saw.

Grooved Joints

A GROOVE is a three-sided recess ninning
with the grain. and a recess running across the

424
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grain is called a DADO. A groovz or dado which
does not extend all the way across the wood is
called a STOPPED groove or a STOPPED dado.
A stopped dado is aiso Xnown as a GAIN. (See
fig. 4-19.) A two-sided recess running along an
edge is call~d a RABBET. (See fig. 4-18.) Dados,
gains, ana rabbets are not, strictly speaking,
grooves, but joiuts which include themn are
generally called GROOVED joints.

A groovz or dado can be cut on the circular
saw as follows: lay out the groove or dado on
the end wood (for a groove) or edge wood {for a
dado) which will first come in contact with the
saw. Set the saw to the desired depth of the
grcove above the table, and set the fence at a
distance from the saw which will cause the first
cut to run on the waste side of the line that
indicates the left side of the groove. Start the
saw and bring the wood into light contact with
it; then stop the saw and examine the layout to
insure that the cut will be on the vaste side of
the lins. Readjust the fence, if necessary. When
the rosition of the fence is right, make the cut.
Then reverse the woad and proceed to set and
test as before for the cut on the opposite side of
the groove. Then make as many recuts as
necessary to remove the waste stock between
the side kerfs.

The procedure for grooving or dadoing with
the dado head is about the same, except that in
may cases the dado head can be built up to take
out zll the waste in a singl. cut. The two outside
cutters alone will cut a groove 1/4in. wide.
Inside cutters vary in thickness from 1/16- to
1/4 in.

A stopped grouve or stopped dado can be
cut on the circular saw, using either a saw blade
or a dado head. as follows. if the gr.ove or dado
is stopped at only one end, clamp a STOP
BLOCK to the rear of the table n s position
that will stop the wood from being fed any
further when the saw has reached the place
where the groove or dado is supposed to stop. If
the groove or dado is stopped at both ends,
clamp a STOP BLOCK to the resr of the table
and 2 STARTING BLOCK to the front. The
starting block should be placed so the saw will
contact the place where the groove is supposed

-
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to start when the infeed end of the piece is
against the block. Start the cui by holding the
wood above the saw, with the infeed end against
the starting block and the edge against the fence.
Then lower the wood gradually onto the saw,
and feed it through to the stop block.

A rabbet can be ¢nt on the circular saw as
follows: the cut into the face of the wood 1s
called the SHOULDER cut and the cut into the
edge or end, the CHEEK ut. To make the
shoulder cut (which should be made first), set
the saw to extend above the table a distance
equal to the desired depth of the shoulder, and
set the fence a distance 2away from the saw equal
to the desired depth of the cheek. Be sure to
measure this distance from a saw tooth SET TO
THE LEFT or AWAY FROM the nipping fence.
If you measure 1t from a tooth set to the right or
toward the fence, the cheek will be too deep by
an amount equal to the width of the saw kerl.

By using the dado head. you can cut mosi
ordinary rabbets 1n a single eut First. build up a
dado head egqual n thickness to the desired
width of the cheek Next. set the head to
protrude above the table a distance vqual to the
desired depth of the shoulder. Clamp a 1-n.
board to the fence o serve as a gumde for the
piece, ar 1 set the fence so the edge of the board
barely contacts the nght side of the dado head.
Set the piece against the miter gage (set at 907),
hold the vdge or end to be rabbeted aganst the
I-in. board. and make the cut.

On some jomters. 4 RABBLTING ledge
attached to the outer edge of the infeed table van
be depressed for rabbeting as in figure 4-26, The
ledge 1s located on 2 outer end of the
cutterhead. To rabbet on a jointer of this type.
you depress the infeed table and the rabbeting
ledge the depth of the rabbel below the cutfeed
table. and set the fence the width of the rabbet
away from the outer end of the cutterhead.
When the pwreee s fed Jrough. the unrabbeted
part teeds onto  the rabbeting fedge  The
rabbeted portion teeds onto the outteed table,

Vanous combinations ol the grooved joints
are used i woodworking The TONGUE AND
GROOVE joint v g combination of the groove

408

Figure 4-26.—Rabbeting on a jointer with a rabbeting
ledge.

and the rabbet. with the tongued member
tabbeted on both faces. In some types of
paneling. the tongue 15 made by rabbeting only
one face. A tongne of this kind 15 called a
BAREFACED tongue. A jont often used n
making boxes. drawers, cabinets. and the ke 1s
the DADO AND RABBET roint shown m figure
4-27 Ay you can sce. one of the members 1

103.15
Figure 4-27 —Dado and rabbst jomt
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Figure 4.28.—Stub, haunched, snd table-haunchad
mor tise-and-tenon joints.

rabbeted on one face to form a barefaced
tongue.

Mortise-and-Tenon Jouits

The MORTISE-AND-TENON joint is most
frequently used in furniture and cabinet work.
In the BLIND mortise-and-tenon joint, the
tenon does not penetrate all the way through
the mortised member. {See {ig, 4-20,)

A joint in which the tenon does penetrate all

the way through is a THROUGH mortise-
and-tenon joint., Besides the ordinary STUB
joint {view A, figure 4-28), there are
HAUNCHED joints (view B, of figure 4-28) and
TABLE-HAUNCHED joints {view C, of figure
4-28). Haunching and table-haunching increase
the strength and rigidity of the joint.

103.21
Figure 4-29.-Layout of stub mortise-and-tenon joint.

103.22

Figure 4-30.—Meking tenon shoulder cut on o circular
saw.

The layout procedure for an ordinary stub
mortise-and-tenon joint is shown 1n figure 4-29.
The shoulder and cheek cuts of the tenon are
shown in figures 4-30 and 4-3 1. To maintain the
stock upright while making the cheek cuts, use a
PUSH BOARD similar to the one shown in
figure 4-31. Tenons can 2lso be Lut with a dado

103.23
Figure 4-31.—Making tanon chesk cut on a cironter
saw using a push hoard.
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head by the same metbod previously described
for cutting end half lap jounts.

Mortises are cut mechanically on a
HOLLOW-CHISEL MORTISING MACHINE like
the one shown in figure 4-32. The cutting
mechamsm on tlus machine consists of a boring
bit encased in a square. hollow, steel] chisel. As
the mechanism is pressed into the wood. the bit
takes out most of the waste while the chisel
pares the sides of the mortise square. Chisels
come in vanous sizes. with corresponding sizes
of bits to match. If a mortising machine is not
available, the same resulis can be attained by
using a simple dril} press 1o take out most of the
waste, and a hand chise! for paring the sides
square,

In some mortise-and-tendn joints, such as
those between rails and legs 1n tables, the t2non

103.24
Figure 4-32. ~Hollow-chisel mortising mzchine.

427

member is much thinner than the mortise
member. Sometimes a member of this kind is
too thin t0 shape in the customary manner. with
shouider cuts on both faces. When this is the
case, a BAREFACED mortise-and-tenon joint
may be used. In 2 barefaced joint, the tenon
member is shoulder cut on one side only. The
cheek on the opposite side is simply a
continuation of the face of the member.
Mortise-and-tenon joints are fastened with
glue and with additional fasteners as required

Dovetall Joint.

The DOVETAIL joint (see fig. 4-22) js the
strongest of all the woodworking joints. It is
used principally for joining the sides and ends of
drawers in fine grades of furniture and cabinets.
In the SEABEE units, you will seidom use
dovetail joints since they are Jaborious and
time-consuming,.

A THROUGH dovetail joint is a joint in
which the pins pass all the way through the tail
member. Where the pins pass only part way
through, the member js known as a BLIND
dovetail joint,

The sunplest of the dovetail joints is the
DOVETAIL HALF LAP joint shown in figure
4-33. Figure 4-34 shows how this type joint is

133.86
Figure 4-33.—Dovetail hatf-lap joint.

131
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133.18
Figure 4-36.—L.aying out a pin member for a through-
multiple-dovetail joint.
103.16
Figurs 4 34.—Laying off 10° angle for dovetail joint.

1aid out, and figure 4-35 shows the completed
joint.

A MULTIPLE dovetail joint is shown in
figure 4-36, while figure 4-37 indicates how the
waste is chiseled from the multiple joint.

Box Corner Joints

With the exception of the obvious difference Figure 4-37.--Chiseling oyt waste in a through-multiple-
in the layout, the BOX CORNER JOINT (fig. dovetail loint.

4-21) is made in a similar manner as the
through-multiple-dovetail joint.

E)Cophlg Joints

Inside corner joints between molding trim
members are usually made by butting the end of
one member against the face of the other. Figure
4-38 shows the method of shaping the end of
the abutting member to fit the face of the other

103.17 member. First, saw off the end of the abutting
Figurs 4-35.—Making a dovetail half-lap joint. member square, as you would for an ordinary

428
135
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AND TRIM
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STO0L

133.42¢

Figura 4-38.—Simple tmolding and trim shapes.

butt joint between ordinary flat-faced members.
Then, miter the end to 45° as shown in the first
and second views of figure 4-38. Set the coping
saw at the top of the line of the miter cut, hold
the saw at 90° to the lengthwise axis of the
piece, and saw off the segment shown in the
thard view, follow:ng closely the face line left by
the 45° miter cut. The end of the abutting
member will then match the face of the other
member as shown in the third view. A joint
made in this manner is called 3 COPING JCINT.

' 4-29

CONTOUR CUTTING

The term CONTOUR CUTTING refers to
the cutting of ornamental face curves on wood
stock which is used for molding and other trim.
Some moldings and trims are procured in
preformed shapes; however, most contour
cutting is done on a shaper equipped with a
cutter or blades, or with a combination of
cutters and/or blades, arranged to produce the

136
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units are produced in @ millwork manufacturing
45° WITER CUT plant and are ready to ufstall. They usually
require only fastening to the wali or floor.
Figures 4-40 and 4.41 show typical types of
millwork. If the need anses for you to install
this type of unit, you should refer to the
manufacturer’s instructions.

The construction details for vartous kinds of
0% ANGLE OF COPING SAW furniture and gabinets are similar. Dressers, chest
of drawers, kneehol. "%, and built-in-cabinets
all have drawers for - e purposes and are
constructed in a similar way.

A number of pieces of stock glued edge to
edge should provide sufficient width for the
CABINET SIDE. The sides usually range in
width from 16 to 20in. and finished 3/4 in.
thick. Some constructions require the use of a
square post in each corner of the case. If the

i
le—DROP CEILING

-

- WALL CTABINEY

L'

1 .

—_ _ 24" WIN -
133.37 OVER RANGE

Figure 4-29.—Making s c~ning joint. . OR StRK

15 MIN -

desired contour. Figure 4-39 shows the simplest T_ S TANDARD
and most comsnon moldings and trims used in

woodworking. I
LOUNTER

HEIGHT
38" MAK > BASE CABINET

MILLWORK 30" Wik

As a general term, MILLWORK usually
embraces most wood products and components
which require manufacturing. It not only
includes the interior trim and doors, but also 133427
kitchen cabinets. and similar units; Most of these Figure 4-40. - Typical kitchen cabinet dimentions.

4-30
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g

N

Figure 4-41.~Tvpical kitchen cabinets: A, Wall, B, Base.

square posis are used, they are usually

connected with the rals.

Dwmsion rals and beanng rails are used to
make up the DRAWER DIVISION FRAMES.
These frames are usually made of stock 3/4 in,
thick and 2 in. wide and fastened together at the
comners with blind mortise and tenon joints, The
frames are glued and checked to insure they are
square and the same size. Usually a gain is cut on
the front edge of the frames, as shown in figure
442 and fitted and glued into the dadoes on the
inside fa.es of the sides. The frames should be

4-31
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133.428

made 1/4in. narrower than the sides when
1/4-in. plywood is used. This measurement will
allow the plywood back to be glued and
fastened into place. To keep dust and insecis out
of the case, a plywood panel can be install 'n
the lower frame.

The DRAWERS should have specia
attention so they will fit accurately. Drawers
have been known to expand or shrink in the
front, sides, and back, therefore, some allowance
must be made accordingly. 1t will be helpful to
you if you would remember WOOD SHRINKS
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SIDE,
(2 REQ'D)

BACK

CENTER GUIDE

BEARING RAIL
(10 REQ'D)

BLIND MORTISE
AND TENON

DIVISION RAIL

<

S

&

DUST Pay

Flgure 4-42.~Cabinet dotails.

OR EXPANDS MOSTLY ACRJSS THE GRAIN
AND VERY LITTLE LENGTHWISE OR WITH
THE GRAIN. The height of the drawer opening
should be 1/8 to 3/16 in. wider than the drawer
sides and back. The edgbs and ends should be
slightly beveled toward ‘the back face and the
drawer front fitted to the Lpening. (The lip type
drawer may be fitted more loosely because the

lip extension will cover the opentng at the ends
and top.)

There are several types of joints that can be
used to join the drawer sides *o the front and
they are. plain rabbet joint, half bhind dovetail,
and the dado tongue and rabbet.

The bottom of the drawer is usually grooved
into afl four sides of the drawer and a plain

LY
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grooved or dovetail center gumde fastened to the
bottom. After the drawer has been fitted into
place and the front lined up with the front face
of the case, the center guide is fastened
permanently to the drawer rails, with screws.
You may find 1t to be more convenient if you
leave the back off the case until the drawer
gutdes have been fastened to the drawer rails.

To minimize expansion and shrinkage of the
wood, a sealer coat of finish should be applied,
to the nside and outside surfaces of the case and
its drawers.

METHODS OF FASTENING

The following sections will discuss the
various devices used for fasteming wood during
construction.

The fastening devices most commonly used
are usually made of metal; and they are
classified accordingly such as: nails, screws,
bolts, driftpins, corrugated fasteners, and timber
connectors. Each type mentionea above will be
explained in the following sections except
timber connectors. Timber connectors will be
discussed in a later chapter.

NAILS

The standard nail used by the Builder is the
wire nal. so called because 1t .s made from steel
wire. There are many types of nails, all of which
are classified according to use and form. The
wire nail js round-shafted. straight, pointed, and
may vary in size, weight, size and shape of head,
type of poini, and finish. Al normal
requirements of construction and framing are
filled by one of the nail types below. There are a
few generai rules to be followed in the use of
nails 1in building. A nail. whatever the type,
should be at Jeast three times as long as the
thickness of wood it is intended to heold.
Two-thurds Of the length of the nail is driven
into the sevond prece for proper anchorage while

4-33

one-third provides the necessary anchorage of
the piece being fastened. Nails should be driven
at an angle slightly toward each other and
should be carefully placed to provide the
greatest hiolding power. Nails driven with the
grain do not hold as well as nails driven across
the grain. A few nails of proper type and size,
properly placed and properly driven, will hold
better than a great many drive. close together.
Nails can generally be considered the cheapest
and easiest fasteners {0 be applied. In terins of
holding power alone. nails provide the least.
screw Of comparable size provide more. and
bolts provide the greatest amount.

COMMON WIRE NAILS and box nails are
the same except that the wire sizes are one or
two numbers smaller for a given jength of the
box nail than they are for the common nail. The
common wire nail (A, fig. 4-43) is used for
housing-construction framing. The common wire
nail and the box nail are generally used for
structural construction.

The FINISHING NAIJL (B, fig. 4-13) 1s made
from finer wire and has a smaller head than the
common nail. 1t may be set below the surface of
the wood mto which it is driven and will leave
only a small hole easily puttied up. 1t is
generally used for interior or exterior finishing
work and is used for finished carpentry and
cabinetmaking.

The DUPLEX NAIL (C, fig. 4-43) is made
with what may appear to be two heads. The
lower head. or shoulder, is provided 50 that the
nail may be driven securely home to give
maximum holding power while the upper head
projects above the surface of the wood to make
its withdrawal simple. The reason for this design
is that the duplex nail is not meant to be
permanent. It is used in the construction of
temporary structures such as scaffolding and
staging and is classified for temporary
construction.

ROOFING NAILS (D, fig. 4-43) are round-
shafted. diamond-pointed. galvanized nails of

Iy
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Figure 4-43.—Types of nalls and hail sizes.
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relatively short length and comparatively large
heads. They are designed for fastening flexible

mofing matenals and for resisting continuous,

exposure to weather. Several general yules apply
to the use of roofing nails, especially their use
with asphalt shingles. if shingles or roll roofing is
being applied over old roofing, the roofing nails
selected must be of sufficient length to go
_through the old matenal and secure the new,
Asphalt roofing matenal is fastened with
corrosion resistant nails, never with plain nails.
Nailing is begun in the center of the shingle,
just above the cutouts or slots, to avoid
buckling.

Nail s1zes are designated by the use of tae
term penny. This term designates the length of
the nail (1 penny. 2 penny, etc.), which is the
same for all types. The approximate number of
nails per pound, vartes according to the type and

size. The wire gage number varies according fo
type. Figure 4-43 provides the information
implicit in the term penny for each of the type
of nails referenced to in this section. The d
adjacent to the numbers in the Size column is
the accepted abbreviation of the word penny as
used in nail sizing and should be read 2 penny, 3
penny, etc. Table 4-3 gives the general size and
type of nail preferable for specific applications.

SCREWS

The uvse of screws, rather than nals, as
fasteners may be dictated by a number of
factors. These may include the type of matenal
to be fastened. the requirement for greater
holding power than could be obtained by the
use of nails, the finished appearance desired, and

Table 4-3,—S8ize, Type, and Use of Nails
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SMALL HEAD
LARGE FLATHEAD
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SMALL HEAD

L ARGE FLATHEAD
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the fact that the number of fasteners that can be
used is limited. The use of screws, rather than
nails, is more expensive in terms of time and
money but is often necessary to meet
requitements for superior results. The main
advantages of screws are—they provide more
holding power; can be easily tightened to draw
the items being fastened securely together; are
neater in appearance if properly driven; and may
be withdrawn without damaging the material.
The common wood screw is ‘usually made of
unhardened steel, stainless steel, aluminum, or
brass. The steel may be bright finished or blued,
or zinc, cadmium, or chrome plated. Wood
screws are threaded from a gimlet point for
approximately 2/3 of the length of the screw
and are provided with a slotted head designed to
be driven by an inserted driver.

WOOD screws as shown in figure 4-44 are
designated according to head style. The most
common types are. flathead, ovalhead, and
roundhead, both in slotted and phillips heads.
To prepare wood for receiving the screws, bore a
pilot hole the diameter of the screw to be used
in the piece of wood that is to be fastened (fig.
4-45). Then bore a smaller, starter hole in the
piece of wood that js to act as anchor or hold

[

WO00D SCREWS LAG SCREWS
E C? ‘2 '@
A SLOTTED 8 PHRLLIPS
HEAD HEAD
METAL SCREWS
28123

Figure 4-44.—Types of scraws,

143

BODY HOLE N

)x...\

P i r' - —
— - -

STARTER HOLE— | -~ -

,,/’\‘ , - -
B e

29.123

Figure 4-45.—8inking screw ProPerly.

the threads of the screw. The starter hole is
drilled with a diameter less than hat of the
screw threads and to a depth 1/2 or 2/3 the
length of the threads to be anchored. The
purpose of this careful preparation is to assure
accuracy in the placement of the screws, to
reduce the possibility of splitting the wood, and
to reduce the time and effort required to drive
the screw. Properly set slotted and phillips
flati.cad and ovalhead screws are countersunk
sufficiently to permit a covering material to be
used to cover the head. Slotted roundhead and
phillips roundhead screws are not courtersunk,
but are driven so that the head is firmly flush
with the surface of the wood. The slot of the
roundhead screw is left parallel with the grain of
the wood.

The proper name for LAG screws (fig. 4-44)
is lag bolt, wood screw type. These screws are
often required in construction building. They "
are longer and much heavier than the common
wood screw and have coarser threads which
extend from a cone or gimlet point slightly more
than half the length of the screw. Squarehead
and hexagonhead lag screws are always
externally driven, usually by means of a wrench.
They are used when ordinary wood screws
would be too short or too light and spikes would
not be strong enough. For sizes of lag screws, see
table 4-4. Combined with expansion anchors,
they are used to frame timbers to existing
masonry.

Expansion shields, or expansion anchors as
they are sometimes called, are used for inserting
a predrilied hole, usually in masonry, to provide

4-36
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Table 4-4.—Lag Screws

DIAMETERS {INCHES)

LENGTHS { INCHES)

|

7
3;8 ’1 f16 1

1
2,

a gripping base or anchor for a screw, bolt, or
nail intended to fasten an item to the surface in
which the hole was bored. The shield may be
obtained separately or may include the screw,
bolt, or nail. After the expansion shield is
inserted in the predrilled hole, the fastener is
driven into the hold in the shield. expanding the
shield and wedging it firmly against the surface

of the hole.
For the assembly of metal parts, SHEET

METAL screws are used. These sc:  vs are made
regularly in stee! and brass with four types of
heads: flat, round, oval, and fillister, as shownm
that order in figure 4-44,

Wood screws come in sizes which vary from
1/4in. to 6 inches. Screws up to | in. in length
increase by eighths, screws from | to 3in.
increase by quarters, and screws from 3 to 6 in.
increase by half-inches. Screws vary in length
and size of shaft. Each length is made in a
number of shaft sizes specified by an arbitrary
number that represents no particular
measurement but indicates relative differences in
the diameter of the screws, Proper nomenclature
of a screw as illustrated in figure 4-46, includes
the type, matenal, {inish, length, and screw size
number which indicates the wire gage of the
body, dnll or bit size for the body hole, and drill
or bit size for the starter hole. Tables 45 and
4-6 provide size, length, gage, and applicavic
drill and auger bt sizes for swrews, table 4-4
gives lengths and diameters of lag screws.

Ll podr
CUMETER  ClapETIiN

e LENOT I ]

29.123
Figure.4-46. - Types of wood scraws and nomenclature.

BOLTS

Bolts are used in construction when great
strength is required or when the work under
construction must be frequently dicassembled.
Their use usually implies the use of nuts for
fastening and sometimes the use of washers to
protect the surface of the material they are used
to fasten. Bolts are selected for application to
specific requirements in terms of length,
diameter, threads, ..yle of head, and type.
Proper selection of head style and type of bolt
will result in good appearance as well as good
construction. The use of washers between the
nut and a wood surface or between both the nut
and the head =nd their opposing surfaces wilt
avoid marring the surfaces and permit addition.u
torque in tightening.

437
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Table 4F —Scrow Sizes and Dimensions

Size numbers

Length {in.)
g 1011 (12

L
<

rre—
<

xx#a-e_x:-ex
MMM MMM OX M

MMM MM MM MM MM M J

xxxx»xxxxxxxux—“
R R I R VI B R
MO M B MM M MMM M MMM X
OB oM M MO M M oM M MM oMM MX
MM B BB OB M MM M oM oM OMOM
MMM OB MM MM MM MM MMM
BOMOBMOM M M oM MM M MMM MM

LU ]

MOM MO oM M oM M oA MO MM MM MM
POoMOM M MM MM MW KK MM KK
MOM M OM M MM MM MMM MNX
XX MM M MMM M MK XM
NNNNNN%NNN}JN%

PR Y

-t
-
P
(=]
[ -]
-3

Threads per inch

3206 | o

9
®
@
~

312

Dlameter of screw (in.)

|

Table 4-6.—Drili 2ad Auger Bit Sizes for Wood 3crews

Sarew sy No

Nominsl serew

Body diameter

Drill size

Bit slze

Drill aizs

Bit size

Q

ERIC

PAFullToxt Provided by ERIC




Chapter 4 -WOODWORKING: MATERIALS AND METHODS

CARRIAGE bolts fall into three categories.
square neck (fig. 4-47) bolt, finned neck bolt.
and nbbed neck bolt. These bolts have
roundheads that are not designed to be driven.
They are threaded only part of the way up the
shaft, usually the threads ate two to four times
the diameter of the boit 1n length. In each type
of carriage bolt, the upper part of the shank,
immediately below the head, is designed to grip
the material in which the bolt is inserted and
keep the bolt from tuming when a nut is
tightened down on it or removed. The finned
type is designed with two or more fins extending
from the head to the shank. The ribbed type is
designed with longitudinal rbs, splines, or
serrations on all or part of a shoulder located
immediately beneath the head. Holes bored to
receive carriage bolts are bored to be a tight fit
for the body of the bolt and counterbored to
permit the head of the bolt to fit flush with, or
below the surface of. the material bemg

5 S—
1 ]

SQUARE HEAD-SQUARE NJUT
MACHINE BOLTS

FLAT HEAD
STOVE BOLTS

Figure 4-47.—Types af boits.

fastened. The bolt is then drven through the
hole with a hammer. Carnage bolts are Jhiefly
for wood-to-wood application but may also be
used for wood-to-metal applivations. If ysed for
wood-to-metal application, the head should be
fitted to the wood item. Metal surfaces are
sometimes prednlled and countersunk to peninit
the use of carriage bolts metal-to-metal. Carnage
bolts can be obtained from 1.,4in. to 1in in
diameter, and from 3/4in. to 20in. long {tatle
4-7). A common flat washer should be used with
carriage bolts between the nut and the wooud
surface.

MACHINE bolts (fig. 4-47) are made with
cut National Fine or National Coarse threads
extendwng in length from twice the diameter of
the bolt plus 1,4 in. {for bolts less than 6 in. in
length), to twice the diameter of the bolt plus
172 1n. (for bolts over 6in. in length). They are
precision made and generally applied metal-to-
metal where close tolerance is (esirable.
The head may be square, hexagon. rounded, or
flat countersunk. The nut usually corresponds in
shape to the head of the bolt with which it s
used. Machine bolts are externally driven only.
Selection of the proper machmne bolt is made on
the basis of head style, length, diameter, number
of threads per inch, and coarseness of thread.
The hole through which the bolt is to pass s
bored to the same diameter as the bolt. Machine
bolts are made 1n diameters from 1/4 in. to 31n.
and may be obtained in any length desired (table
4-8).

STOVE bolts (ftg. 447) are less precisely
made than maclure bolts. They are tnade with
either flat or round slotted heads and may have
threads extending over the full length of the
body, over part of the body. or over most oI the
body. They are generally used with square nuts
and apphed metakto-metal, wood-to-wood, or
wood-to-metal. If {latheaded, they are¢
countersunk, if roundheaded, they are drawn
flush to the surface.

An EXPANSION bolt (fig. 4-47) 1s 2 bolt
used in comunction with an expanston shield to
provide anchorage in substances .n which a
threaded fastener alone 1s useless. The shield, or
expansion anchor, inserted in & predrilled hole
expands when the bolt is driven jnto 1t and
becomes wedged firmly in the hole, providing a
secure base for the grip of the fustener.
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Tehie 4-7.~Carrlage Bolts

DEAMETERS (INCHES)

LENGTHS (INCHES)

3/16! 1/4 H
SASs 3/8

A
YV, 2, 2V, etc., 9y, 10 to 20

Table 4-8.~Scraw, Cap {machine Bolts)

DIAMETERS {INCHES)

LENGTHS {INCHES)

1/2 JQASsSfS 1!2 3 7!8 H 1

V', 2, 2
3’ 31f2, 4, 41/2’ etC.;
91/, 10 to 20

26 to 39

DRIFTPINS are long, heavy, threadiess bolts
used to hold heavy pieces of timber together
(fig. 4-48). The term “driftpin” is almost
universally used in practice. However, for supply
purposes the correct designation is “driftbolt.”

Driftpins have heads and they vary in
diameter from 1,/2 to 1 in. and in length from 18
to 26 inches.

To use the driftpin, a hole slightly smaller
than the diameter of the pin is made in the
tinber. The pin is driven into the hole and is

4-40

133.346

held in place by the compression action of the
wood fibers.

The CORRUGATED FASTENER is one of
the many means by which jomnts and splices are
fastened in small timber and boards. It is used
particularly in the miter joint. Corrugated
fasteners are made of sheet metal of 18 to 22
8age with alte mate ridges and grooves. the ridges
vary from 3/16 to 5/16in., center t0 center.
One end is cut square., the other end is

e i ———— e L SRS A



Figure 4-38.—-Driftpins {driftbolts).

sharpened with beveled edges. There are two
types of corrugated fasteners: One with the
ridges running parallel (fig. 4-49); the other with
ridges running at a sbight angle to one another
(fig. 4-49). The latter type has a tendency to
compress the material since the ridges and
grooves are closer at the top than at the bottom.
These fasteners are made in several different
lengths and widths. The width varies from 5/8 to
1 1/8 in., while the length vanes from 1/4 to 3/4
inch. The fasteners also are made with different
numbers of ridges, ranging from three to six
ridges per fastener. Corrugated fasteners are used
in a number of ways, to fasten paraliel boards
together, as in fastening tabletops: to make any
type of joint; and as a substitute for nails where
nails may split the timber. The fasteners have a
greater holding power than nails in smail timber.
The proper method of using the fasteners is also
shown in figure 4-49,

GLUE

One of the oldest materials used for
fastening is glue. In museums you will find
furniture  which was assembled with glue
hundreds of years ago. [t is still in good
condition. Good glue appled properly will form
ajoint which 1s stronger than the wood itself,

There are several classes of glue. Probably
the best one for joint work and furniture
construction s ANIMAL glue. it may be
obtained commercially in a varety of
forms—liquid. ground. chipped. flaked,
powdered, or formed into sticks. The best grades
of ammal glue are made from hides. Some of the
best bone glues, however, may give as good
results as the low grades of hide glue

RIDGES AT
SLIGHT ANGLE

RIDGES
PARALLEL

METHOD OF ysE

68.45
Figure 4-49.-Corrupated fastenors and their usas.

FISH glue is a good all-around wood shop
glue, but it is not as strong as animal glue 1t is
usually made ir. liquid form, and il has a
disagreeable odor.

VEGETABLE glue is manufactured by a
secret process for use in some veneering work. it
is NOT a satisfactory glue for wood joints.

CASEIN glue is made from milk in
powdered form. The best grades of casein glue.
are watersres’~tant and are, therefore, excellent
for formig waterproof joints. Casein glue,
however, doesn't adhere well to oak. To join oak
surfaces with 1it, coat the wood with a
10-p.rcent solution of causirc soda and allow it
to dry. Then apply the casein glue to form a
strong joint.

BLOOD ALBUMIN glue is also practically
waterproof, but {o us¢ it, you need very
expensive equipment. It is, therefore, not often
used.
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PLASTIC RESIN glue may be procured in
either liquid or powder fortn. It is durable and
water resistant, but like casein glue, it doesn't
adhese too well to oak. Plastic resin glue is used
in the manufacture of balsa wood and plywood
life floats.

Each type of glue must be prepared and used
in a special manner if you are to get the
strongest possible joint. Instructions are always
found on the label of the container. Study these
carefully before you attempt to use the glue.
There are also certain general principles which
you should follow when you apply any glue.

A lot depends on the wood itself. Dry wood
makes stronger joinis than wood which is not
well seasoned. This is easy to understand if
yor'll remember that water in the wood will
dec.ease the amount of glue which can be
absorbed,

WOODWORKING SAFETY

Practically everyt-hing used in woodworking
is dangerous, particularly the power wood-

working equipment. Yet the human factor
remains by far the largest cause of woodworking
accidents. Those which are caused by inherent

defects in equipment cause only a small
percentage of total accidents. Statistics show
that the average military woodworking casuaity
is not the beginner at tie trade, but a person
with considerable experience. A new crew-
member who hears the high-pitched screams
of a circular saw for the first time is likely to be
acutely conscious of the fact that the machine is
dangerous, but experier:ed crewmembers often
take dangerous equipment too much for
granted,

The vast majority of woodworking accidents
can be prevented by the observance of
wellestablished safety rules. Some of these are
rules of general application, others apply to
specific tools and equipment. {o be effective,
these rules must be KNOWN, and OBSERVED.
You should insure that general safety rules afe
posted on bulletin boards and in other areas
where everyone will see them. Rules applying to
specific teols and equipinent should be posted
somewhere near the equipment cr published in
pamphlets and manuals which shyld be
available to the operator of the equipn.ent. DO
NOT OPERATE A PIECE OF DANGEROUS
EQUIPMENT UNTIL YOU KNOW THE
SAFETY RULES WHICH APPLY TO IT. Once
you know them. GBSERVE THEM.




CHAPTER 5

FIBER LINE, WIRE ROBE, AND SCAFFOLDING

Information is presented in this chapter on
how to use fiber line, wire rope, and timber in
rigging and erecting hoisting devices, such as
shear legs, tripods, blocks and tackles, and
swingi}g scaffolds.

Formulas are gi\reﬂl on how to detetmine or
find the safe working load (SWL) of all this
material. In addition, the correct use, care, and
‘breaking strengths of fiber line and wire rope are
covered. You will also find in this chapter
information on how to crect scaffolding and the
proper use of ladders.

FIBER LINE

The vegetable fibers commonly used in the
manufacture of fiber line include manila, sisal,
and hemp. .In addition to vegetable fibers,
certain synthetic fibers are used also. These
include nylon, orlon. and dacron,

SOURCES AND CHARACTERISTICS
OF FIBERS

The best of the vegetable line-making fibers
is MANILA, which comes from the banana-like
abaca plant, grown mainly in the Phillipines.
Manila fibers range in length from 4 to 12 ft. A

The next best vegetable line-making fiber is
SISAL. This fiber is similar to manila, but lighter
in color. It is grown in the East Indies, Africa,
and Central America. Sisal fibers are usually 26
to 40 in. long, but are only about 80 percent as
strong as manila fibers. Sisal line withstands
exposure to seawater exceptiopally well 1t is
frequently used in towing, mooring, and other
such purposes.

HEMP fibers come from the stalk of the
hemp plant, which is grown in Russia, ltaly,
South America, and the United States, The Navy
uses hemp or “‘small stuff” after it has been
tarred or treated with some other suitable
preservative. This makes the small stuff last
longer by providing protection against moisture,
The term “‘small stuff,” is used to denote small
cordage, the sort which a layman might call
string, yam of cord.

NYLON is the synthetic fiber most widely
used by the Navy. It is lightes; more flexible. less
bulky, and easier tofhandle and store than
manila line, It is highly resistant to mildew, rot,
and marine borers. When nylon line is wet or
frozén, the loss of strength is relatively smali. It
will hold a load even though several strands may
be frayed. Ordinarily, the line can be made
reusable by cutiing av.ay the chafed section and
splicing the end.

good grade of manila is cream in color, smooth,™ . -

clean, and pliable; poorer grades are
distinguished by shades of brown. A fiber line
made of good quality manila possesses the
following desirable qualities: elasticity, strength,
and resistance to wear and deterforation. Manila
line is especially useful in hoisting operations
where a strong, dependable line is essential.

FABRICATION OF LINE

The fabrication of line consists essentially of
three twisting operations. First, the FIBERS are
twisted to the right to form the YARNS. Next,
the yarns are twisted to the left to form the
STRANDS. Finally the strands are twisted to

L
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the right to form the LINE. Figure 5-1 shows
you how the fibers are grouped to form a
3-strand line.

The operations just described are standard
procedure, and the resulting product is known as
a RIGHT-LAID line. When the process is
reversed, you have a LEFT-LAID line. In either
instance, the principle of opposite twists must
always be observed. The two main reasons for
the principle of opposite twists are 1o Keep the
line tight to prevent the fibers from unlaying
with a load suspended on it and to prevent
mcisture penetration.

TYPES OF LINE LAYS

There are three types of fiber line lays:
hawser-laid, shroud-laid, and cable-laid lines.
Each type isillustrated in figure 5-2.

HAWSER-LAID LINE generally consists of
three strands twisted together, usually in a
nght-hand direction. A SHROUD-LAID line
ordinarily is composed of four strands twisted
together in a right-hand direction around a
center strand or core, which usually is of the
same maternal, but smaller in diameter than the
four strands. You will find that shroud-laid line
is more pliable and stronger than hawser-lad
line, but it has a strong tendency toward
kinking. In most instances, it is used on sheaves
and drums. This not only prevents kmking, but
also makes use of 1ts pliability and strength.
CABLE-LAID r1ine usually consists of three
right-hand hawser-laid lines twisted togetherina
left-hand direction. [t {s especially safe o use in

" WTH THE L aY

28.170
Figure 51.-Fiber groumings in & 3strand lins.

rAwSER
LIl Link

SHROUD
LAID LINE

CaBLE
LAID LINE

26,171
Figure 5 2.- Throe ty pos of fiber line.

heavy construction worh beiause. in case it
untwists 1t widl tend to tghten any regular
right-hand screw connection tu which attached,

SIZE DESIGNATION

Line 1 3/41n. or less in crcumference is
called SMALL STUFF and is usually designated
as to size by the number of THREADS (or
yarns) that make up each strand. You may use
anywhere from 6- to 24-thread, but the most
commonly used are 9- to 21-thread. (See fig.
5-3.} You may hear some small stuff designhated
by name, without reference to size. One such
type is MARLINE, a tarred, 2-strand, left-laid
hemp. Marline is the small stuff you will use
most for seizings. When You need something
stronger than marline, you will use a tarred,
3-strand, left-laid hemp calted HOUSELINE.
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B

MANILA LINE

SOME COMMONLY )
USED S1ZES * CIRCUMFERENCE s

INCHES l WILLIMETERS THAEAD
Y. 1905 | 6
2540 | ©
2858 12
3176 15
38.10 21
44 45 24
50.80

76.20
101.6

127.0

h ' o1s2.4

* St/ 1S DESIGNATED BY THE CIRCUMFERENCE

1272.40
Figure 53, -Some commonly used sizes of manils line,

Line larger than | 3 4 1p, wn circumference is
generally designated as to sz by its
CIRCUMFERENCE in inches. A 6in. manmila
line, for instance, would be constructed of
manila fibers and measure 61n. In circum-
ference. Line 15 available in sizes ranging
up to 16 . 1 arvumference, but 12 tn, is about
the largest carried in stock. Anything larger is
used only on special jobs. {See fig. 5-3.)

If you irave occasion to order line, you may
find that i the catalogs it is designated and
ordered by diameter. The catalog may also use
the term rope (rather than line),

ROPE YARNS for temporary seizings.
whippings. and lashings. are pulled from large
strands of old line which has outlived its
usefulness Pull your yarn from the middle,
away from the ends. or it will get fouled.

STRENGTH OF FIBER LINE

Overloading 4 line puses a senous threat to
the safety of personnel, not to mention the
heavy losses Itkely to result through damage to
matenal. To avoid overloading, you must Know
the strength of the line with which you are

working. This involves three factors: breaking
strength, safe working load, and safety factor.

BREAKING STRENGTH gefers o the
tension at which the line will part when 2 load is
applied. Breaking strength has been determined
through tests made by rope manufacturers, and
tables have been set up to provide this
information. In the absence of manufacturers’
tables, a rule of thumb for finding the breaking
strength of manila line is:

¢? x 90u=BS

In this rule, ¢ =circumference in in. and BS =
breaking strength in pounds. To find BS. the
circumference is squared and the figure obtained
is then multiplied by 900. With a 3-in. line, for
example, you will get a BS of 8100, figuring as
follows:

3x3x900=38100Ib

The breaking strength of rnanila line 1s
higher than that of sisal line. This is caused by
the difference in strength of the two fibers. The
fiber from which a particular line is constructed
has a definite bearnng on its breaking strength.

The breaking strength of nylon line is almost
three times that of manila line of the same size
The best rule of thumb for the breaking strength
of nylonig

BS = {? x 2400

The symbols in the rule are ti:e same as
those for fiber line.

For 2 1/2-n. nylon line
BS=125x25x2400= 15,060 1b

Bricfly defined. the SAFF WORKING
LOAD of a line is the load that can be applied
without causing any kind of damage to the lne.
Note that the safe working load is considerably
less than the breaking strength. A wide margin
of difference between breaking strength and safe
working load is necessary to allow for such
factors as additional strain imposed on the line
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by jerky movements in hoisting or bending over
sheaves in a pulley biock. '

You may not always have a chart available
to tel you the safe working load for a particular
size line—s0 what do you do then? Fortunately,
there is a rule of thumb which will adequately
serve your needs on such an occasion.

SWL=C?x 15C

where SWL = the sale working load in pounds
and C=the circumference of the line in in.
Simply take the circumference of the line,
square it, and then multiply by 150. For a
3-inch line. here is how the ruje works.

3x3x150=13501b

Thus the safe working load of 2 3-in, lne is
¢qual to 1350 pounds.

If the line 1s 1n good shape. add 30Q percent
to the SWL arnived at by means of the rule, or if
1t 1s in bad shape, subtract 30 percent from the
SWL. In the example given above for the 3-in.
line, addmg 30 percent to the 13501b would
give you 3 safe working |oad of 1755 1b. On the
other hand, subtracting 3¢ percent from the
1350 1b would leave you a safe working load of
945 b,

Remember that the strength of a line will
decrease with age, use, and exposure to excessive
heat, boiling water, or sharp bends. Especially
with used line, these and othier factors affecting
strength should be given caref{.] consideration,
and proper adjustment made in the breaking
strength and safe working load .apacity of the
hine. Manufagturers Of hine provide tables to
show the breaking strength and safe working
load vapacity of line. You will find such tables
very useful in your work. You must remember,
however, that the values given in manufacturers’
tables ONLY apply to NEW LINE being used
under favorable vonditions. For that reason, you
must PROGRESSIVELY REDUCE the values
given in manufacturer's tabtes as the line ages or
deteriorates with use.

Keep i mind that a strong strajn oh a
Kinked or twisted hime will put a permanent
distortion in the hine. Figure 5-4 shows what
frequently happens when pressure 1s applied to a
line with a kink 1n it. The kink that coujd have

80.17
Figure 5-4.-Result of a strong strain on o Hne with a
‘kink in if.

been worked out s Low permanent, and the line
is ruined.

The SAFETY FACTOR of alineis the ratio
between the breaking strength and the safe
working load. Usually a safety factor of 4 is
acceptable, but this is not always the case. In
other -words, the safety factor will vary,
depending on such things as the condition of the
line and circumstances under which it is to be
used. While the safety factor should NEVER be
less than 3, it often must be well above 4
{possibly as high as 8 or 10). For best, average,
or unfavorable conditions, the safety factor
indicated below may often be suitable.

BEST conditions {new line): 4.

AVERAGE conditions (line used, but in
good condition): 6.

UNFAVORABLE conditions
used line, such as running rigging): 8.

{frequently

HANDLING AND CARE

if the (iber line you work with is to give safe
and dependable service, you must make a special
effort to insure that it is h...cled and cared for
properly. Study the precautions and procedures
given here, and make sure you carry them out
properly in duties involving (iber line.

Loose ends Of fiber line should bs whipped
or spliced to prevent unlaying of the line. (See
fig. 5-5.) When fiber line is to be cut, put two
whippings on the line 1 or 2in. apart and then
make the cut between the whippings.

When f(iber line is being stored, care should
be taken to prevent deterioration. It .hould be
drned carefully and stored uncovered in a dry
place, such as on gratings or in some nanner to
allow air to circulate through the coil.
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Figure 5-6.—Plain-whipping a line.

Never covet a line unless absolutely

necessary, as covenng it will holi in the
moisture and
detenioration.

When possible, slacken a dry, taut line

prevent discovery of any

before it 15 exposed to rain or damp weather as
line contracts when wet and may become
overstrained and weakened.

The strength of fiber line decreases rapidly
with use because of breakage and slipping of the
fibers. The fibers will slip a small amount under
each strain in spite of the twisting, and no
attempt should be made to load a line to its
maximum after it has been used for some time.
Breakage of fibers should be avoided as much as
possible.

Muddy line should be cleaned by washing in
water only. Do not use soap because it will take
the natural oils out of the fibers.

Avoid pulling lire ove: sharp edges. Place
chafing gear, such as a board, folded csedboard,
canvas, or part of a firchose between the line
and the sharp cdge to reduce breakage of the
strands,

Since sand or dirt has an abrasive action on
the inncr fibers of tine. avoid dragging hine
through sand or dirt. If sand gets on the line,
carefully wash the fine in water only.

Wherever possible. use knots that can be
untied easdly to climinate the necessity for
cutting the line

-

If a nylon line becomes slippery because of
grease, it should be cleaned with light oils, such
as kerosene or diesel oil.

Do not stow nylon line in strong sunlight.
Cover it with tarpaulins. In stowage, Keep it
away from heat and strong chemicals.

WIRE ROPE

Wire rope consists of three parts: wires,
strands. and core. {Sec fig. 5-6.) In the
manufacture of rope, a number of WIRES are
laid together to form a STRAND. Then a
number of strands are laid together, usually
around a central CORE, to form the rope. The
basic unit of wire rope construction then is the
individual wire, which may be made of stecls
iron, or other metal, in various sizes. In making a
rope, the number of strands will vary, depending
on the purpose for which the rope is intended.
Wire rope is designated by the outside ajiameser,
by the number of strands per rope, and by the
number of wires per strand. Thus. a 1/2:n. 6 x
19 rope will have 6 strands with 12 wires per
strand, but will have the same outside diameter
as a 1/2in. 6 x 37 wire rope, wlich will have 6
strands with 37 small size wires per strand. Wire
rope made up of a large number of smalf wires is
flexible, but the small wires are easily broken so
the wire rope is not resistant to extemnal
abrasion. Wire rope made up of a smaller

29.172(28C)
Figure 5-8.—Parts of a wire rope.
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number of larger wires is more resistant to
extemnal abrasion, it is also less flexible.

The central CORE-the element around
which the strands are laid to form the rope -may
be a hard fiber (such as manila, hemp, orsisal), a
wire strand, or an indepé¢ndent wire rope. Each
type of core serves the same basic purpose, that
of affording support to the strands laid around
it,

FIBER CORE offers the advantage of
increased flexibility, In addition, it serves as a
cushion to reduce the effects of sudden strain
and acts as a reservoir for the oil necessary for
lubricaticn of the wires and strands to reduce
fricion between them. Wire rope having a fiber
core is used in places where no severe heat is
involved and where flexibility on the pari of the
rope is important,

A WIRE STRAND CORE not only provides
more resistance to heat than a fiber core, but
also adds about 7 1/2 percent to the strength of
the rope. On the other hand, the wire strand
makes the rope less flexible than when 2 fiber
core is used. This t'pe of rope is used in piaces
where hot work (cutting, weldng, etc.) is
involved.

An INDEPENDENT WIRE ROPE COREisa
separate wire rope over which the main strands
of the rope are laid. It usnally consists of six
7-wire strands laid around either a fiber core or 2
wire strand core. This type of core gives the rope
additional strength, prowides support against
crushing, ar.d supplies tnaximum resistauce to
heat.

Wire rope may be fabricated by either of
two methods. If the strands or wires are shaped
to conform to the curvature of the finished rope
prior to laying up, the rcpe is termed
PREFORMED. If they are not shaped before
fabricaticn, the rope is termed NON-
PREFORMED. When cut, preformed wire rope
tends not to unlay, and it is more flexible than
nonpreformed wire rope. Preforming eliminates
the locked up stress and strain existing in
nonpreformed wire rope, and prevents the rope
Irom flying apart when cut or broken, and aiso
resists kinking. Preformed rope is more easily
spliced since the strands fit perfectly into place.
With nonpreformed wire rope, the {wisting
process prodices a stress in the wires, and when
it is cut or broken, the stress causes the strands

to unlay. In nonpreformed wire unlaying is rapid
and almost instantaneous, and could cause
serious injury to someone not familiar with it.

The main types of wire rope used by the
Navy consist of 6, 7, 12, 19, 24, or 37 wires in
each strand. Usually, the rope has 6 strands laid
around a fiber or steel center.

Two common types of wire rope, 6 x 19 and
6 x 37 rope, are illustrated in figure 5-7. The
6 x 19 type, having 6 strands with 19 wires in
each strand, is commonly used for rough
hoisting and skidding work where abrasion is
likely to occur. The 6 x 37 wire rope, having 6
wtrands with 37 wires in each strand, is the most
flexible of the standard 6-strand ropes. For that
reason, it is particularly suitable when small
sheaves and drums are to be used, such as on
cranes and similar machinery.

MEASURING WIRE ROPE

The size of wire rope is designated by its
diameter, The true diameter of a wire rope is
considered as being the diameter of the circle
which will just enclose all of its strands. Both
the cotrect and incorrect methods of measuring
wire rope are iHustrated in figure 5-8, Note, in
particular, that the CORRECT WAY is to
measure from the top of ope strand to the top
of the strand directly opposite it. The wrong way
is t0 measure &cross two strands side by side.
Use calipers to take the measurement; if they are
not available, an adjustable wrench will do.

& STRHANOS o I¥
WIRES (&x 19]

6 STRANDS of 37
WIRES 16 x37}

29.172(28C)
Figure 5-7.— Two comman types of wire rope.
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CORRECT INCORRECT

20.1731133€)
Figure 5.8.—~Corract and incotrect mathods of messuring
wire rope.

To msure an accurate measurement of the
diameter of a wire rope, always measure, the
rope at three places, at least 5 ft apart. Use the
average of the three measurements as the
diameter of the rope.

SAFE WORKING LOAD

The term SAFE WORKING LOAD (SWL),
as used n reference to wire rope, means the load
that can be applied z2nd still obtain the moest
efficient service and also prolong the life of the
rope. Most manutacturers provide tables which
show the safe workig load for their rope under
various conditions. In. the absence of these
tables, it is often neceszary to apply a thumb
rule formula to obtain the SWL. There ure rules
of thumb which may be used to compute the
strength of wire rope. The one recommended by
the Naval Facdities Cngineering Command
(NAVFAC)is

SWL (in tonsi = D?* x 4

This particular formula provides an ample
safety margin to account for such variables as
the numkber, sze, and location of sheaves aml
drums on wluch the rope rmuns, and such
dynamic stresses as the speed of operation, and
the acceleration and deceleration of the load, all
of which can affect the endurance and breaking
strength of the rope

-

in the above formula, D represents the
diameter of the rope in in. Suppose you want to
find the SWL of a 2-in. rope. Using the forrula
above, your figures would be:

SWL=(2)? x4
SWL=4x4=1]6

The answer is 16, mecning that the rope has
an SWL of 16 tons.

it is very important to remember that any
formula for determnining SWL is ONLY A RULE
OF THUMB. In computing the SWL of old rope,
womn rope, or rope which is otherwise in poor
condition, you shoui. reduce the SWi. as much
as 50 percent, depending on the condition of the
rope.

The manufacturer’s data concerning the
breaking strength (BS) of wire rope should be
used if available. But if you do not have that
information, one mle of thumb recommended
is:

BS =C? x 8000 Ib

As you know. wire rope is measured by the
diameter (D). To obtain the circumference (C)
required in the formula, multiply D by pi (n),
which is approximately 3.1416. Thus the
formula to find the circumference is:

C=Dn
WIRE ROPE FAILURE

Some of the common causes of wire rope
failure are listed below

l. Using ncotrect siz€, construction, or
grade,

2. Dragging over obstacles.

3. Having improper lubrication.

4, Operating over sheaves and Jrums of
nadequate size.

5. Overniding or crosswinding on drums

6. Operating over sheaves and drums with
improperly fitted grooves or broken flanges.

7. Jumping off sheaves.

8. Subjecting to acid fumes.

9. Attaching fitting improperly.
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10. Promoting internal wear by allowing gnit
to peoetrate between the strands.

1. Subjecting to severe or
overload.

12. Kinking.

13. Having an excessive {leet angle.

continuing

CLEANING AND
LUBRICATION

Used wire rope should be cleaned at
frequent intervals to remove any accumulation
of dirt, grit, rust, or other foreign matter. The
frequency of cleaning will depend on how much
the rope is used However. rope should always
be cleaned well prior to lubrication. The rope
may be cleaned by wire brushes, compressed air,
or steamn. Do not use oxygen in place of
compressed air as it becomes very dangesous
when it comes in contact with grease oroil. The
purpose is to remove ali old lubricant, as well as
foreign matter from the valleys between the
strands and from the Spaces between the outer
wires, so that the newly applied lubricant will
have ready entrance into the rope. Wire brushing
affords a good opportunity to find any broken
wires that may otherwise go unnoticed.

Wire rsope is initially lubricated by the
manufacturer, but this initial lubrication will
only last so long before periodic applications
have to be made by the user. Each time a wire
rope bends and straightens, the wires in the
strands and the strands in the rope slide upon
each other. To prevent the rope wearing out by
thi; sliding action, a film of lubricant is needed
between the surfaces in contact. The lubricant
also helps to prevent corrosion of the wires and
deterioration of fiber .enters. A rusty wire fope
is a liability' With wire rope, the same as with
any machine or piece of egquipment, psoper
Jubrication is essential to smooth, efficient
performance.

The lubricant should be a good grade of
lubricating oil, free from acids and corrosive
substances. It must also be of a consistency that
will penetrate to the center of the core, yet
heavy enough to remain as a coaling on the
outer surfaces of the strands.

Two good lubricants for this purpose are raw
linseed oil and a mediwm graphite grease. Raw
linseed oil dries and is not greasy to handle.

5-8

I
E

Graphite grease is lughly resistant to saltwater
corrosion. Of course, other commercial
lubricants may be obtained and used. The best is
a semiplastic compound which is thinned by
heating before being applied. It will penatrate
while hot, then cool to a plastic filler, preventing
the entrance of water.

One method of applying the lubricant is by
using a brush. In doing so. remember «0 apply
the coating of fresh lubricant evenly and to
work it in well. Another method involves Passing
the wire rope through a trough or box
containing hot lubricant (fig. 5-9). P this
method, the heated lubricant is placed in the
trough, ind then the rope is passed through it
over sheaves and under a center guide wheel.
Hot oils or greases have very good penetrating
qualities. And, upon cooling, they have high
adhesive and film-strength around each wire.

As a safety precaution, always wipe off an:
excess when lubricating wire rope. This is
especially important where heavy equipment is
involved. Too much lubricant 15 liable to get
onto brakes or clutches, causing them to fail.
While in use, the motion of machinery may
throw excess oil around over crane cabs and
onto catwalks, making them unsafe 1o work on.

STORAGE

Wire rope should not be stored in places
where aud is or has been kept. The slightest
trace of acid coming in contact with wire rope
will damage it at that particular spot. Many
times wire rope which has mven away has been
found to be acid damaged. The importance of
keeping acid or acid fumes away from wire rope
must be stressed to all hands.

It is especially important that wire rope be
cleaned and lubricated properly before it is
placed in storage. Fortunately, corrosion of wire
rope during storage can be virtually eliminated,
IF the lubrcant film is applied properly
beforehand and if adequate protection is
provided from the weather. Bear in mind that
rust, costosion of wires, and detenoration of the
fiber core greatly reduces the strength of wire
rope. It is not possible to state exactly the loss
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Figure 5-8.—Method of field lubrication.

of suength which results from these effects. 1t is
certainly great enough to require ¢lose
observance of those precautions prescribed for
protection against such effects

INSPECTION

Wire rope should be inspected at regular
intervals, the same as fiber line. In determining
the frequency of inspection, the amount of use
of the rope and conditions under which it is
used are factors deserving careful consideration.

During an inspection, tlie rope should be
examined carefully for fishhooks, kinks, and
wormn, corroded spots. Usually, breaks in
indtvidual wares will be concentrated in those
portions of the rope that consistently run over
the sheaves or bend onto the drum. Abrasion or
reverse and sharp bends cause individual wires to
break and bend back. The breaks atc known as
fishhooks. When wires are only slightly wom but
have broken off squarely and stick out all over
the rope, the condition is usually caused by
overloading or rough handling. If the breaks are

confined to on¢ or two strands, then the
strength of the rope may be seriously reduced.
When 4 percent of the total number of wires in
the rope are found to have breaks within the
length of one lay of the rope. the wire rope is
unsafe. Consider the rope unsafe when three
broken wires ate found in one strand of 6 by 7
rope. six broken wires in one strand of 6 by 19
rope, or nin¢ broken wires in one strand of
6 by 37 rope.

Overloading a rope also causes its diameter
to be reduced. Failure to lubricate the rope is
another cause of reduced diameter inasmuch as
the hemp core will dry out and eventually
collapse or shrink. The surrounding strands are
thus deprived of support, and the rope’s strength
and dependability are correspondingly reduced
Rope that has its diameter reduced to less than
75 percent of its original diameter should be
removed from service.

A wire rope should aiso be removed 1rom
service when an inspection reveals widespread
corfosion and pitting of the wires. Particular
attention should be given to signs of corrosion
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and rust in the valleys or small spaces between
the strands. Since such corrosion is usually the
result of improper or infrequent lubrication, the
internal wires of the rope are then subject to
extreme friction and wear. This form of internal,
and often invisible, destruction of the wire is
onc of the most frequent causes of unexpected
and sudden failure of wire rope. The best
safeguard, of course, is to keep the rope well
lubricated and to handle and store it properly.

WIRE ROPE ATTACHMENTS

[n addition tc splicing (permanent
arrangement of the rope), there are a number of
wire rope attachments, such as sockets and wire
rope clips, which can be put on a wire rope so
that it may be used with other ropes, chains, pad
eyes, or equipment. In general. these
attachments permit the wire rope to be
employed witli greater flexibility than would be
possible with the more permanent splice, ince
the attachments allow the same wire rope to be
made up in a variety of different arrangements.

A temporary eye splice may be put in wire
rope by using clips. A single clip, as shown in
figure 5-10, consists of three parts: U-bolt,
saddle, and nuts. The correct and two incorrect
methods o applying these clips to wire rope are
also shown in figure 5-10; the second incorrect
method shown is the most common one made.
Notice that the CORRECT way is to apply the
clips so that the U-bolts bear against the bitter
end; that is, the short end of the rope. If the

e
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clips are attached incorrectly the result will be
distortion or mashed spots on the live end or
working end of the rope. After 4 rope 1s unaer
strain, tighten the clips again. On operating
ropes, tighten the clips daily and inspect the
ropes carefully at points where there are clips.
Pay particular atteation to the wire at the clip
farthest from the eye, as vibration and whipping
are dampened here und fatigue breaks are likely
to occur.

To obtain maximum strength in  the
temporary eye splice, use the comect size and
number of wire clips. Their size is stamped on
the saddle between the tow loles. A rule of
thumb for determining the number of clips
required for various sizes of rope i. to multiply
the diameter of thie rope by 3 and add 1, stated
as a formula this means.

3D + | = number of clips.

For example, if the rope has a diameter of
lin., you determine the number of clips as
follows:

3x D+ 1=4clips.

In case the answer contans a fraction, then
use the pext largest whole number. In other
words, suppose you want to find the number of
clips for a wire rope ],/2 in. in diameter. Using

80.70X

-

— i
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the formuia, the answer would be 2 1/2 clips,
which obviously is a practical impossibility.
Thus, You simply raise the traction to the next
higher number, 3, to get the correct answer.

The clips should be properly spaced to
provide a good hold on the rope. The correct
distance between the clips may be determined
by muttiplying 6 times the diameter of the rope.
6D = DISTANCE BETWEEN CLIPS, where D is
equal to the diameter. Here, as in determining
the number of clips, if the answer contains a
fraction, use the next largest whole num ber.

An improved type of wire rope clip which
has been developed 1s shown in figure 5-1 1, This
type has a few advantages over that shown in
figure 5-10. In the improved type, both halves
are idenhcal and provide a bearing surface for
both parts of the rope. Thus, it cannot be put on
wrong and it will not destroy the wire. [t also
allows a full swing with a wrench.

Wire rope clips should be spected and
tightened at regular intervals. Also, after
comparatively long use, the clips should be
removed and the tope examined for broken
wires, If any are present, the damaged area
should be removed and a new attachment made,

Another type of attachment 1s the WEDGE
SOCKET end fitting. wluch 1s easy to instali and
may be changed quickly. (See fig. 5-12.) The
wedge socket is frequently used to attach dead
ends of wires to pad eyes or similar fittings on
earthmoving rings. It 1s made 1n two parts. The
socket 1tself has a tapered opening for the wire
rope and a small wedge to go in this tapered

YOTYER

SOCkET N

STANG NG
Pans SOLNET

B:TTER END

115,177
Figure 5-12.=Parts of a wedga socket,

Wsocu Y PIN
2,

$15.178
Figurs 5-13.—A ProPerly installed wedgs socket,

socket. The right method of installing a wedge
socket is shown in figure 5-13. 1t might be noted
that the strength of a wedge-type socket is such
that the overall strength of a rope having one
attached 1s reduced by about one-third The safe
working load of the rope must also be reduced
accordingly.

To install the wedge socket on a wire rope,
remove the wedge and insert a loop of the wire
rope through the tapered opening from the
bottom of the socket up. Place the wedge
through the loop and pull the ends of the wire
rope. back through the tapered opening until the
wedge forces the wire rope against the sides of
the wedge socket. The loop of wire rope must be
inserted in the wedge socket so that the standing
part of the wire rope will form a nearly direct
line to the socket pin of the fitting {note fig
5-13). A properly made-up wedge socket
conncction will tighten when a strain s placed
on the wire fope.

In selecting a socket, be sure yon get tle
nght size socket and wedge. The size isindicated
on most sockets and on some wedges. Figure
5-14 shows how to measure a wedge if the size is

W L~ "612E IN INCHES

127.53
Figure 6-14.—How t0 meature 8 wedge.

If;f;




BUILDER 3 & 2

-

not stamped on the socket. If the wrong.ize of
wedge s used, it can be harmful to the wire
rope. If the wedge is too small, it will cut the
wire rope; if it is too large. the wite rope will
slip.

BiOCK AND TACKLE

A BLOCK consists of one or more sheaves
fitted in a wood or meta! frame supported by a
hook or shackle inserted in the strap of the
block. A TACKLE is an assembly of blocks and
lines used to gain a mechanical advantage n
hifting or pulling.

In a tackle assembly. the line is reeved over
the sheaves of blocks. There are two types of
tackle systems: simple and compound. A
SIMPLE tackle system is an assembly of blocks
in which a single line is used. (See view A, fig.
5150 A COMPOUND tackle system 1s an

I
¥

Figure 515.-Types of tackle. A.
B. Compound tackle.

127.487
Simple tackle,

assembly of blocks in which more than one line
is used. (Sce view B, fig. 5-15.)

TACKLE TERMS

To help avoid confusion in working with
tackle, it is important that you be familiar with
various fechnical terms. Here are some
commonly used tackle terms which you should
know and understand. (See fig. 5-16.)

A FALL is a line, ¢jther fiber line or wire
rope, reeved through a patr of blocks to form a
tackle.

The HAULING PART 1s the part of the fall
leading from one of the blocks upon which the
power is exerted. The STANDING PART is the
end of the fal! which is attached to one of the
beckets.

The MOVABLE (or RUNNING) BLOCK of
a tackle is the block attached to the object to be
moved, The FIXED {or STANDING) BLOCK is
the block attached to a fixed object or support.
When a tackle is being used, the movable block
moves and the fixed block remains stationary.

FIXEQ
BLOCK

STAHOIMG
PART

FALLS

HOVABLE
BLOCK

HOOK

29.1878
Figure 5-16.—Parts of & tackie.
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The term TWO-BLOCKED means that both
blocks of a tackle are as close together as they
will go. You may also hear this same condition
referred to as BLOCK-AND-BLOCK,

To OVERHAUL is to lengthen a tackle by
" puiling the two blocks apart.

To ROUND IN means to bring the blocks of
a tackle toward each other, usually without a
load on the tackle (opposite of overhaul).

Don’t be surprised if your coworkers use &
number of different terms in referring to a
tackle. Such terms as LINE-AND-BLOCKS,
PURTHASE, and BLOCK-AND-FALLS are
typica' of other names irequently used for
tackle.

BLOCK NOMENCLATURE

Blocks are constructed for use with fiber line
or with wire rope. Wire rope blocks are heavily
constructed. and have a large sheave containing a
deep groove. Fiber Jine blocks are generally not
as heavily constructed as wire rope blocks and
have smaller sheaves with shallower wide
grooves. A large sheave is Necessary with wire
rope to prevent sharp bending. Since fiber line
has greater flexibility and pliability, it does not
require a sheave as large as does the same size of
wire rope.

Biocks fitted with one, two, three. or four
sheaves are often referred to as single, double,
tnple, and gquadruple blocks. fespectively.
Blocks are fitted with a varying number of
attachments, depending upon thewr patticular
use. Some of the most commonly used fittings
are hooks, shackles, eyes, and rings.

The function of the block or blocks in a
tackle assembly is to change the direction of pull
or brovide mechanical advantage or both, The
name and location of the principal parts of a
fiber line block are shown in figure 5-17.

The FRAME {or SHELL), made of wood or
me tal, houses the sheaves.

The SHEAVE is a round, grooved wheel over
which the line runs. Ordinarily, blocks used in
your work will have one, two, three. or four
sheaves. Blocks can be obtained, of course, with
imore than this number of sheaves, blocks have
been made with as many as 1] sheaves.

The CHEEKS are the portions of the shell
enclosing the sheaves.

HOOK
PEA

OUTER STRAP INNER STRAP

SWALLOW

SHEAVE

BREECH
THIMBLE

8013
Figure 5-17 . —Namenciature of a fiber line block.

The PIN 1s a metal axle that the sheave turns
on. It muns from cheek to cheek through the
iniddle of the sheave.

The BECKET is a metal loop formed at one
or both ends of a block; the standing part of the
line is fastened to this part.

The STRAPS (one inner and one outer type}
are used to enclose the shell, hold the block
together, and support the pin on which the
sheaves rotate.

The SWALLOW is the opening in the block
through which the line passes. '

The RREECH is the part of the block
opposite .. ¢ swallow.

RATIO OF SIZE OF BLOCK TO SIZE
OF LINE ORWIRE USED

The size of fiber line blocks is designated by
the length in inches of the shell or cheek. The
size of standard wire rope blocks is controlied
by the diameter of the rope. With nonstandard
and special-purpose wire rope blocks. the size is
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determined by measuring the diameter of one of
its sheaves in inches,

Make sure YOu exercise care in selecting the
proper size line or wire for the block to be used.
If a fiber line is reeved on to a tackle whose
sheaves are below a certain minimum diameter,
the line will be distorted and will wear badly in a
very sliort time. A wire rope too large for a
sheave will have a tendency to be pinched.
causing damage to the sheave. The wire also will
be damaged because of too short a radius of
bend. A wire rope too small for a sheave tacks
the necessary bearing surface. thus placing the
strain on only a few strands and shortening the
life of the wire.

With fiber line. the length of the block used
should be about tliree times the circumference
of the line. However, an in. Or sO either way
doesn’t matter too much. for example, a 3-in.
line may be reeved on to an 8-in block with no

WITH SWIVEL SHACKLE
{CLOSED POSITION)

REAR VIEW - SHOWING
(OPEN POSITION)

il effects. As a rule, you are more likely to
know the block size than You are the sheave
diaineter., However, it may be said that the
slieave diameter should be about twice the uze
of ihe circumference of the line used.

Manufacturers of wire issue tables which give
tie proper sheave diameters to be used with the
various types .ad sizes Of wire they
manufacture. in the absence of these, a rough
rule of thumb is that the sheave diameter should
be about 20 times the diameter of the wire,
Remember that with wire, it 15 DIAMETER
rather than circumference, and that this rule
refers t0 the diameter of the SHEAVE ratlier
than the size of the block as with line.

SNATCH BLOCKS AND FAIR-LEADS

A snatch block (fig. 5-18) is a single sheave
block made so that the shell cpens on one side

Wi“H SWIVEL HOOK
“{CLOSED POSITION)

Finure 5-18.—Top deadand snatch biocks.

1
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/ST EEL COLUMN

POWER
SOURCE

127.4590

Figure 5-19.—~Moving a heavy object horizontally along a floor with limited access using snatch biotks and fair lead

at the base of the hook to permit arope or line
to be shipped over a sheave without threading
the end of it through the block. Snaich blocks
ordinanly are used where 1t is necessary 1o
change the direction of the pull on a line. Figure
5-19 shows a system of moving a heavy object
horizor ally away from the power source using
snpatch blocks. this is an ideal way to move
objects in limited spaces. You will note that the
weight 1s pulled by a single W ff tackle which has
a mechanical advantage of 3. By adding snatch

blocks to a ngging to change the direction of \

pull, the mechanical advantage 1s NOT affected.
Therefore. it would be wise to select the proper
ngeng system to be used. based upon the weight

5-15

of the object and the,type-and capacity of the
power that is availabl¢. The spatch block thatis
used as theAsst block in the direction of pull to
the powef source is called the jeading block
This blsck may be placed in any convenijent
location provided 1t is within 20 drum widths of

fair-lead angle or fleet angle cannot exceed 2
degrees from the centerline of the drum
Therefore, the 20 drum widths distance from
the powar source to the leading block will assure
ShE fair-lead angle If the fair-lead angle 15 not
mantained. the line could jumo the sheave of
the leading block and cause the ne on the reel
to jump a ndmg tum

Kll’e power source, This is required because the
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TYPES OF TACKLE

Tackles are designated 2ccording to (1) the
number of sheaves in the blocks that are used to
make the tackle, such as single whip or twofcld
purchase; or (2) the purpose for which the
tackle is used, such as yard tfackles or stay
tackles. In this section, we will discuss some of
the different types of tackle in common use;
namely, single whip, runner, gun tackle, single
luff. twofold purchase, double Inff, and
threefold purchase. Before proceeding, we
should explain that the purpose of the numbers
and arrows in figures 5-20 through 5.26 is to
indicate the sequence and direction in which the
standing part of the fall is led in reeving. You
may want to refer back to these illustrations
when we take up the reeving of blocks in the
following sections. C

A SINGLE WHIP tackle consists of one
single sheave block (tail block) fixed to a
suppott with a rope passing over the sheave. (See
fig. 5-20.) It has a mechanical advantage of 1,

£

S NGLE
’

29.187.1
Figura 5-21.=Gun tackle.

and if a 100-1b load were to be lifted; it would
require a pull of 1001b plus an aliowance for
friction.

A RUNNER (fig. 5-20) is a single-sheave
movable block that is free {0 move along the line
on which it is reeved. It has a mechanical
advantage of 2.

A GUN TACKLE is made up of two single
sheave blocks (fig. 5-21). This tackle got its
name ir: the old days because it was'used to haul
muzzle-loading guns back into the battery after
the guns had been fired and reloaded.

A gun tackle has a2 mechanical advantage of

20.187 2. To lift a 200-Ib load with 2 gun tackle would
Figure 5-20.—-Single whip and runner tackls. require 100 b of power, disregarding friction.

5-16
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By inverting any tackle. a mechanical
advantage of 1 js always gained because the
number Of parts at Wie movabie block is
ncreased. By nverting a gun tackle. for
example, 3 mechanical advantage of 3 is attained
(fig. 5-22). When a tackle is inverted, the
direction of pull 1s difficult. Thus can easily be
overcome by adding a smatch block, which
changes the direction of the puil, but does not
tncrease the mechanical advantage.

A SINGLE LUFF TACKLE consists of a
double and 1 <ingle block, as indicated in figure
5-23. Thus typehhas a mechanical advantage of 3.

A TWOFOLD PURCHASE consists of two
double blocks, as illustrated in figure 5-24.1t has
a mechanical advantage of 4.

A DOUBLE LUFF TACKLE has one triple
and one double block. (See fig. 3-25.) A
mechamcal advantage of 5 1s gained by using this
tackle.

A THREEFOLD PURCHASE consists of

twe tnple blocks with a mechamical advantage
6. (See fig. 5-26.)

Frgyure 5-22, ~!Inverted gup tackle.

22.1870121C

REEVING TACKLE

Ir reeving a simplc tackle. lay ;lle blocks a
few feet apart. The blocks should be placed
down with the sheaves at right angles to each
other and the becket ends pointing toward each
other.

To begin reeving, lead the standing pari of
the falls through one sheave of the block which
has the greatest number of sheaves. If both
blocks have the same number of sheaves, begin
at the block fitted with the becket. Then pass
the standing part around the sheaves from one
block to the other, making sure no lines are
crossed, until all sheaves have a iine passing over

Figure 5-23.-Single luff tackle.
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) 29.187.3
Fiure 524.~-Twolold Purchass.

them. NOow secure the.standing part of the falls
at the becket of the block containing the least
number of sheaves, using a becket hitch for a
temporary securing, or an eye splice for a
permanent secunng,

With blocks of more than two sheaves, the
standing part of the falls should be led through
the sheave nearest the center of the block. This
method places the strain on the center of the
block and prevents the block from toppling and
the hnes from being cut by rubbing against the
edges of the block.

Falls are generally reeved. through 8-in. or
10-n. wood or metal blocks., m such a manner as
to have the lower block at right angles to the
upper. Two 3-sheave tlocks ts the wsual arrange-
mert, and the method of reeving these 13

Figure 5.25.~Double fuff tackle.

Figure 5.26.— Threefold Burchase.

29.187€

29.187F
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HAULING

28.187G
Figure 5-27 . —Reaving a threefoid purchase.

shown in figure 5-27 The hauling part must go
through 1he middie sheave of the upper block,
or the Block will tilt to the side and the falls jam
when a strain is taken.

if a 3- and 2-sheave block ng 1s used, the
method of reeving is about the same (fig. 5-28).
but here the becket for the dead end must be on
the lower rather thanThe upper biock.

Naturally you must reeve the blocks belore
vou splice 1n the becket tinmble. of yvou will
have to reeve the entire fall througladrom ihe
opposite end.

MECHANICAL ADVANTAGE

The mechanical advantage of a tackle 1s the
term apphed to the relationship between the
load being hifted and the power required to it
it If the ioad and the power required to lift it are
the some. the mechamecal advantage 15 one.
However, 1f a load of 50 1b requires only 10 1b
to bt 1t, then you have a2 mechanical advantage
of 510 I. v S umts of weight ase lifted for each
unt of power apphed,

*The casrest way 10 determine the mechanead
advantage of 4 tackle » by counning the number

HAULING

29.187H
Figure 5-28.~Reeving a double luff tackle.

of parts of the falls at the runming block. If there
are two parts, the mechamcal advantage is two
times the power apphed (disregarding friction).
A gun tackle, for instance. has a mechanical
advantage of 2. Therefore, to lift a 200-b load
with a gun tackie would require 1031b of
power. disregarding ITiction.

To ascertain the amount of power required
to hit a given Joad by means ol a tackle,
determine tlie weight of the load to be hfted and
diwide__that by the mechanical advaniage,
Example if it ts necessary to hift a 600 1b load
by means of a single Iuff tackle. first determine
the mechanical advantage gained by using tlus
type of tackie, Upon examination, 1t 15 found
that by counting the parts of the falls at the
movable block, we have a mechamcal advantage
of 3, Therefore, by dividing the weight to be
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lifted, 600 1b, by the mechanical advaniage in
this tackle, 3, we find that 200 1b of power is
* required to lift a weight of 600 1b using a single
Iuff tackle.

Remember though. a certain amount of the
force applied to a 1ackle 1s lost through friction.
Friction will develop in a tackle by the lines
rubbing against each other, ot against the shell
of ablock. Therefore. an adequate allowance for
the loss due to friction must be added. Roughly,
10 percent of the load must be allowed for each
sheave n the tackle.

SAFE WORKING LOAD
OF A TACKLE

You know that the force applied at the
hauling part of a tackle 15 multipiied as many
times as there are parts of the fall on the
movable block; also that an allowance for
friction must be made which adds roughly 10
percent to the weight to be lifted for every
sheave mn the system. For example. if you are
Iifilng a weight of 100ib with a tackie
containing five sheaves. you mast add 10
percent times 3, or 50 percent. of 100 1b to the
weight in your calculations. In other words, you
figure that this tackle is going to lift 1501b
instead of 1001b,

Disregarding friction, the safe working load
of a tackle would be equal to the safe working
load of the iine or wire used. multiplied by the
number of parts of the fall on the movable
block. To make the necessary allowance 1or
fnction. you multiply this result by 10, and then
shwvide what you get by 10 plus the number of
sheaves in the system,

Suppose you have a threcfold purchase. a
mechanical advantage of 6, reeved with a line
whose safe working load is 2 tons. Disregarding
fritien, 6 times 2, or 12 tons would be the safe
working Irad of this setup, To make the
. necessary allowance for fnction, however, you
first multiply 12 by 10, which gives you 120,
Thits you divide by 10 plus 6 {number of sheaves
In a threefold purchase), or 16, The answer 1s
71 2 tons, safe working logd.

LIFTING A GIVEN WEIGHT

To find the size of fiber hine required to hft
a givent load. use this formula.

C{ininches) =+/15 x P (tons)

C in the formula is the circumference, in
inches, of the line that is <rfe to use. The
number 15 is the conversion factor. P is the
weight of the given load, expressed in tons. The
radical sigry, or symbol, over 15 x P, indicates
that you are to find the SQUARE ROOT OF
that product. 3

To square & number means tG multiply that
number by itself. Finding the square root of a
number simoly . means finding the number
which, multiplied by itself, will mive you the
number whose square root you are seeking. If
you do not understand how to work square
roois, refer to Mathematics. Volume |,
NAVPERS 10069-C. Now fet us figure what size
fiber ine You would need to hoist a 5-ton load.

C=\/Tx 501 /75

The number which, muluiphied lry itself,
comes nearest to 75 is 8.6. Therefore, a fiber
hne 8 1/2 in. wn circumference will do the job.

The formula for finding the size of wire rope
required to lift a given load 1s

Canimn.) =./2.5 < Pitons)

Work this formula :n the manner explained
above for fiber linz. One point you should be
careful not to overlook is that these formulas
call for the CIRCUMFERENCE of the wire. You
are used to talking about wire rope In terms of
its diameter. so remember that srcumference 1s
about 3 times the diameter. roughly speaking.
You can also determine circumference by the
following fotmula, slich s more accurate than
the rule of thumt. Circumicrence = diameter
tmes Pi (). In uang this formuia, remember
that 7 equals 3.14.

5:20
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SIZE OF LINE TO USE
iN A TACKLE

To find the size of line to use in a tackle for
a given load, add one-tenth (10 pereent for
friction} of its value to the weight to be hoisted
for every sheave in the system. Divide the resuit
you get by the number of parts of the fall at the
movable block, and use this result as P in the

formula C=/T5 x P.

For example, let’s say you are trying to find
the size of fiber line to recve in a threefold
purchase to lift 10 tons. There are six sheaves in
a threefold purchase. so you add 1/10 by §, or
$/10 of 10, to the 10 tons. This gives you a
theoretical weight 1o be lifted of 16 ton~

Divide 16 tons by 6 (number of parts on the
movable block in a threefold purchase), and you
get about 2 2/3. Using thus as P in the formula
C=/T5x P. you get

C=/T5x 27373, or /30

The square root of 4015 about 6.3, so it will
take about a 6 1/2in. line in this purchase to
hoist 10 tons safely. As you seldom find
three-sheave blocks which will take a line as
large as 6 1/2in., you will probably have to rig
two threefold purchases with a continuous fall,
as shown in figure 5-29. As each of these will
have half the load, to find the size of line to use,
calculate what «ize fiber line in 2 threefold
purchase will lift 5 tons. It works ont to about
412

TACKLE SAFETY PRECAUTIONS

In hoisting gnd moving heavy ebrects, using
blocks and tackie. you must keep SAFETY
uppermost in your mind; this includes safety for
crewmembers and material.

Always chek the condition c¢f blocks and
sheaves before wsing them on 2 Job 10 make sure
they are m cafe working order. See that the
blocks are praperly greased. Also make sure
that the Line and sheave are the rght stze for the
1oh

o e i, e e

29.187X
Figure 5-28.~Rigaing two tackles with a continuous falf,

Remember that sheaves or drums which have
become worn or chipped or have .artugated
grooves must not be used because they will
injure the line. 1t is important {0 make sure the
mechanical advantage is great enough to make
the load as easy to handle as possible.

Sheaves and blocks designed for use with
fiber line must NOT be used for wire rope. since
they are not strong enough for that service and
the wire rope does not fit the sheave grooves.
Moreover. sheaves znd blocks built for wire rope
should NEVER be used {or fiber line.

SHEAR LEGS

The SHEAR LEGS is formed by crossing
two timbers, poies. planks. pipes, or steel bars
and lashing or bolting them togethies near the
top. A shng is suspended from the lashed
micrsection and 15 used as a means of supporting

5-21
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REAR LEC FRONT LEG

CLOYE ITCH QLOYE NITEN

PRAPPING

DETANL FOR
SHEAR LASHIHG

29.195

Figure 5-30.—Shear legs.

the Joad tackle system. (See fig. 5-30.) In
addition to the name SHEAR LEGS. this rig
often is referred to simply as a SHEARS., (It has
also been called an A-frame.)

The shear legs is used to lift heavy
machinery and otper bulky sbjects. It may also
pe used as end supports of a cableway and
highline. The fact that the shears can be quickly
assembled and erected is a major reason why it is
used in field work.

A shears requires only two guy lines and can
be used for working at a forward angle. The
forward guy does not have much strain imposed
on it during hoisting. This guy is used primarily
as an aid in adjusting the drift of the shears and
in keeping the top of the rig steady in hoisting or
placing a load. The after guy is a very important
part of the shears’ rigging, as it is under
considerable strain when hoisting. It should be
designed for a strength equal to one-haif the
load to be lifted. The same principles for thrust
on the spars or poles apply; that is, the thrust
increases drastically as the shear legs go off the
perpendicular,

177
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RIGGING

In rigging the shears, place your two spars on
the ground parallel to each other and with their
butt ends evan. Next, put a large block of wood
under the tops of the legs just below the point
of lashing, and piace a small block of wood
between the tops at the same point to facilitate
handling of the lashing. Now separate the poles a
distance equal to about one-third the diameter
of one pole.

As lashing material, use 18- or 2{-thread
small stuff. In applving the lashing, first make a
clove hitch around one of the legs. Then take
about 8 or 9 turns around both legs above the
htch, working towards the top of the legs.
Remember tO wrap e tums tightly so that the
finished lashing will be smooth and free of
kinks. To apply the frapping (tight lashings),
make 2 or 3 turns around the lashing between
the legs; then, with . clove hitch, secure the end
of the line to the other leg just below tlie Jashing
(fig. 5-30).

Now, cross the legs of the shears at the top
and separate the butt ends of the two legs so
that ths spread between them is equal to
one-half the height of the shears. Dig shallow
holes, about 1 foot (30 cm) deep, at the butt
end of each leg. The butts of the lens should be
placed in these holes in erecting the shears.
Placing the legs in the holes wiil keep them from
kicking out in operations where the shears is at
an angle other than vertical.

The next step is to form the sling for the
hoisting falls. To do this, take a short length of
line, pass it a sufficient number of times over the
cross at the top of the shears, snd tie the ends
together.

Now, reeve a set of bjocks and place the
hook of the upper block through the shng; then
secutre the hook by mousing the open section of
the hook with rope yarr to keep it from slipping
off the sling. Fasten a snatch block to the lower
part of one of the legs, as indicated in figure
5-30,

If you need to move the load horizontally
by moving the head of the shears, you must ng 4
tackle in the after guy—near its anchorage.

g
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The guys—one forward guy and one after
guy-—are secured next to the top of the shears.
Secure the forward guy to the rear leg and the
after guy tc the front leg, using a clove hitch in
both instances. (See fig. 5-30.)

ERECTING

Several persons are needed for safe, efficient
erection of the shears, the number being
detetmined largely by the size of the ng. To help
insure good results, the erection crew should lift
the top of the frame and walk it up by hand
until the after guy tackle system takes over the
load. When this point is reached, complete the
taising of the shears into final position by
hauling in on the tackle.

Remember to secure the forward guy to its
anchorage before raising the legs and aintain a
slight tension on the fiine to control the
movement. Also, after the shears has been

raised, lash the bLutt ends with chain, line, of
boards to keep them from spreading when a load
is applied.

SAFE WORKING LOAD
OF SHEAR LEGS

Overloading shear legs poses a serious threat
to the safety of personnel, not to mention the
damage and loss of the material being lifted. To
help avoid this problem, a study of table 5-1 will
show that the load-carrying capacities vary with
the length and size of timbers used in the
construction of shear legs.

TRIPODS

A tripod consists of three legs of equal
iength, which are lashed together at the fop.

Table 5-1.—Load-Carrying Capacities of Shear Legs and Tripods

Pole Size tinches)

Length {feet)

Working
Capacity
{tons)
Shear Legs
{2} poles

Working
Capacity
{tons)
Tripods
(3) poles

13

-
’

5
18
13

7

5
52
39
26
15
10

-
Fa

31
21
15
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TO POWEP

29.196
Figure 5-31.~Tripod,

(See fig 5-31.) The legs are generally made of
timber poles or pipes. Materials used for lashing
include fiber line, wire rope, and chain. M>tal
rings joined with short chain sections are also
available for insertion over the top of tae tripod
legs.

The fact that the tripod can only be used
where hoisting s vertical places it at a distinct
disadvantage in comparison with other hoisting
devices, [ts use will be limited primarily to jobs
that involve hoisting over wells, mine shafts, or
other such excavations. A major advantage of
the tripod is its great stability. In addition, it
requires no guys or anchorages, and its load
capacity is approximately one-third greater than

shears made of the same size timbers. (See table
5-1)

RIGGING

The strength of a tripod depends largely on
the strength of tite material used for lashing, as
well as the amonnt of lashing used. The
following procedure for lashing applies to a line
3in. in circumference or smaller. For extra
heavy loads, use more turs than specified in the
procedure given here; for light loads, use fewer
turns than spacified here.

As the first step of the procedure, take three
spars of equal length and place a mark near the
top of cach to indicate the center of the lashing.
Mow, lay two of the spars paralel with their
TOPS resting on a skid (or block). Place the
third spar between the two, with the BUTT end
resting ont a skid. Position the spars so that the
lashing marks on all titree are in line. Leave an
interval bLetween the spars equal to about
onc-ha!f the diameter of the spars. Tlus will keep
the lashing from being drawn too tight when the
tripod is erected.

With the 3-in. line, make a clove hitch
around on¢ of the outside spars: put it about
4in. above the lashing mark, Then make 8 or 9
turns with the line around all three spass. (See
view A, fig. 5-32.) "1 making the turns,
remember to maintain the proper amount of
space between the spars.

« Now, make | or 2 close frapping turns
around the lashing between cach pair of spars.
Do net draw the turns too tight. Finally, secure
the end of the line with a clove hitch on the
venter spar just above the lashing, as shown at A,
figure 5-32.

There 1s another muethod of lashung a tripod
which vou may find preferable to the method
just given. It may be used in lashing slender
poles up to 20 ftin length, or when some means
other than hand power is available for erection.

First, place the three spars paralle! to each
other, leaving an interval between them slightly
greater than twice the diameter of tite line to be
used. Rest the top of each pole on a skid so that

5-24
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CLOYE HITCH FRAPPING
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Figure 5-32.—Lashings for 2 tripod.

the end projects about 2 ft over the skid. Then,
iine up the butts of the three spars. as indicated
at B, figure 532,

Next, make a clove hitch on one outside leg
at the bottom of the position the lushing will

occupy, which is about 2 ft from the end. Now,
proceed to weave the line over the middle leg,
under and around the other outside leg, under
the middle leg, over and around the first leg, and
so forth, until completing about 8 or 9 tumns.
Finish the lashing by forming a clove hitch on
the other outside leg (view B, fig. 5-32).

ERECTING

In the final position of an erected iripod, it
is important that the legs be spread an equal
distance apart. The spread between legs must be
not inore than two-thirds, nor less than one-nalf,
the length of a leg. Small tripods, or those lashed
according to the first procedure given in the
preceding section, may be raised by hand. Here
are the main steps which make up the
hand-erection procedure.

Start by raising the top ends of the three legs
about 4 ft, keeping the butt ends of the legs on
the ground. Now, cross the tops of the two
outer legs and position the top of the third or
center leg so that it rests on top of the cross.

A sling for the koisting tackle can be
attached readily by first passing the sling over
the center leg, and the:. around the two outer
legs at the cross. Place the hook of the upper
block of a tackle on the sling, and secure the
hook by mousing.

The raising operation can now be completed.
To raise an ordinary tripod, a crew of about
eight may be required. As the tripod is being
lifted, spread the legs so that when it 15 in the
upright position the legs will be spread the
proper distance apart. After getting the tripod in
its {inal position, lash tiie legs near the bottom
with line or chain to keep them from shifting
(fig. $-3 1. o~

Where desirable, a leading block for the
hauling part of the tackle may be lashed to one
of the tripod Jegs, as indicated in figure 5-31

In erecting a large tripod, you may need a
sinall gin pole to aid in raising the tripod into
position. When calied on to assist in the erection
of a tripod lashed acconding to the first lashing
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procedure described in the preceding section,
the first thing to do is to raise the tops of the
legs far enough from the ground to pemmit
spreading them apart. Use guys or tag lines to
help hold the legs steady while they are being
raised. Now, with the legs clear of the ground,
cross the two outer legs and place the center leg
s0 that it rests on tap of the cross. Then attach
the sling for the hoisting tackle. Here, as with a
small tripod, simply pass the sling over the
center leg and then around the two outer legs at
the cross.

LADDERS

A sufficient supply of ladders, as indicated
by the nature of the work, must be provided at
the site before construction can begin. However,
the use of ladders, where scaffolds, platforms, or
other substantial working levels could have been
provided, has caused many serious accidents.
Any work perforned on ladders should be
confined to a minimum.

TYPES OF LADDERS

A number of different types of ladders are
available in constructinn today. Among the
various types which You may use frequently for
construction work are single portable ladders,
extension ladders, fixed ladders, and stepladders.
Ladders are designed with safety in mind, and a
safe workirg load factor has been established by
the manufacturer and is nommally shown 0On the
ladders. These ladders are usually designed for
an approximate 250 1b load plus gfzfety factor
of 4 or its ultimate load capacity of 1,000 1b.

A SINGLE PORTABLE ladder is a ladder of
one section which may be used at various
locations. This type should not exceed 30 ft in
length. In the placement of a ladder, careful
consideration must be given for placing it at a
safe angle against the wall nr other fixed object
to be scaled. Figure 5-33 illustrates the correct
positioning of a single portable construction
ladder. Unless the ladder is securely fastened or
someone is holding it, the base should be
onefourth the ladder length from the vertical
plane of the top support. Where the rails extend
above the top landing, the ladder length to the
top support only is considered.

Figure 5-33.—Correct angtos for ladder ptacemont.

The ciearance space IN BACK of a single
portable ladder should always be sufficient to
obtain a secure foothold on the rungs. A back
¢learance ©f at least 6 in. is recommended. The
clearance space IN FRONT of the ladder should
be such that it will not be necessary to assume a
cramped or unnatural position when climbing, A
front clearance ©of at least 30in. s
recommended.

If a portable ladder is 10 be used on smooth
floors. concrete walks, or sloping surfaces. make
sure it is equipped with a nonslip base or that
other suitable means is provided to prevent
Jisplacement while in use. Single portable
laci'2rs not constructed for use as sectional
lauders must not be spliced together to lorm a
ionger iadder.

An EXTENSION ladder 1s one consisting of
two sliding sections which can be adjusted to
different heights. No extension ladder may
contain more than two sections, nor may it be
extended t0 more than 60 ft. An extension
ladder must be constructed 0 bning the RUNGS
{horizontal members) of overlapping parts of
sections opposite each other when the ladder Js
locked in extended position. Again, when an
extended ladder is placed in position for use, the
horizontal distance from the vertical plane of
the upper support to the base should be
one-fourth of the ladder length.

For lextension lengths up to 38{t the
minimum section overlap should be 3 fi; for
lengths from 38 to 44 ft it should be 4 ft. and
for lengths from 44 to 60 ft it should be 5 ft.
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Most requirements for a ladder are satisfied
with the single portable and extension types.
However, the fixed ladder and the stepiadder
may be required under certain conditions.

A FIXED ladder is one which is fastened to
a structure in a more or less pegnanent manner.
Top, bottom, and intermediate fastenings must
be used as required. The RAILS (vertical
members) of a fixed Jadder must extend at least
36 in. above the top landing. If the landing at
the top requires passing between the rails, rungs
ahove the landing must be removed.

A STEPLADDER is a portable ladder which
opens out, sawhorse-fashion, for seifsupport.
The maximum permissible height for a step-
ladder is 16 ft. Stepladders must always be used
fully ~vened, and they should 7ot be used as
regular working platforms.

LADDER SAFETY

Here are a few important safety precautions
which apply to ladders in general.

Ladders should be inspected at regular and
frequent intervais. Ladders with weakened,
broken, or missing treads, rungs, or cleats, or
broken or “spliniered™ side rails should not be
used.

Ladders should be kcpt coated with a clear
shellac or other transparent matenal, or treated
with linseed oil. Painting with opaque
(nontransparent) paint s forbidden.

Separate ladders for ascending and
descending should be provided in building
construction of more than 2 storiesin height, or
where traffic is heavy.

Where a ladder is instalied wide enough to
permit traffic in both directions at the same
time. 4 centcr rail should be provided. One side
of the Jadder should be plinly marked “up” and
the other sige “down”.

Ladders used in passageways, driveways, or
thoroughfares should be guarded by barricades
(guardrails). Doors which open adjacent to
portable ladders should be locked or otherwise
biccked or guarded while the ladder remains in
use.

Ladders should be placed so that the rals
have a secure footing and a substantial support
at or near the top.

Ladders should not be placed against sash,
window panes, or unstable supports such as
loose boxes or barrels. The use of ladders during -
a storm or in a high wind should be avoided
unless absolutely necessary, in which case the
ladder should be securely lashed in position.

If a ladder is to be placed against a window
frame, a board should first be spiked across the
side rails at the top.

Ladders should not nommaily be placed or
used 1n elevator shafts or hoistways. Should sucl
a procedure be necessary, the ladders should be
protected from objects from operation at higher
elevations in or adjoining the shaft.

Ladders should not be left standing.
especially on the outside, for long penods of
time unless securely anchored at both top and
bottom.

Ladders should be handled carefully when
being lowered. They should not be allowed to
drop on their sides or to fall heavily endwise on
one rail.

Ladders constructed of metal should not be
used near electricity.

Until such time as satisfactory specification
for portable metal ladders approved by the Navy
Department is issued, the use of such ladders is
not recommended. These ladders should not be
used within 4ft of any electrical wiring or
equipment. All portable metal ladders should be
marked with signs or decals reading
CAUTION-DQO NOT USE NEAR ELE(-
TRICAL EQUIPMENT. Such signs should
be placed on the inside rzils between the third
and fourth rungs.

When ascending or qescending a ladder, the
user should always face the ladder.

No one should go up or down a ladder
without the free use of both nands. If handling
material, a rope should be used.

No one should run up or down a ladder, or
slide down a ladder, at any time,

Before attempting to climb a laddcr, crew-
members should remove oil or grease from the
soles of their shoes. -

When doing maintenance work above the
ground, crewmembers should always wear a
safety belt, with a lifeline long enough for
necessary movement, but short enough to
prevent falls,
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1 START OFF WITH THIS

Figure 5-34.~Mgking a scaffold hitch.

Single portable {adders over 30 ft in length
should not be used.

Fixed ladders should be sccurely held in
place by top, bottom, and intermediate
fastenings as required.

Sloping ladders which require climbing on
the underside of the ladder should iot be used,

Rails of ladders fixed to twp landing should
extend a distance of at least 36 in, above the
landing. Rungs above the landing should be
omitted wlien it is necessary to pass through the
ladder. Landing platforms should be provided
where 4 person must step a greater distance than
14 in. from the ladder to roef, tank, etc.

SCAFFOLDING

As the working level of a structure rises
above the reach of crewmembers en the ground,
teniporary  elevated platforms called SCAF-
FOLDING are erected to support the crew-
members, their tools, and matenals.

There are two types of scaffolding in use
teday wood and prefabiicated. The wood types

inciude the swinging scaffold which is suspended
from above, and the pole scaffold which is
supported on the ground. The prefabricated
type is made of metal and is put together in
sections as needed.

SWINGING SCAFFOLD
CONSTRUCTION

The simplest type of swinging scaffold is one
which consists simply of a stout plank
(minimum thickness 2in.) with a couple of
transverss HORNS nailed or boied to the
untderside, near the ends. The stage hangs from a
couple oflines, (minimum size, 2 in,) which lead
up and over or through some supporting device
(such 2¢ a pair of shackles secuved to outriggers
at the roof line} and back to the stage.

Figure 5-34 shows the method of bending a
bowline to a stage by means of a SCAFFCLD
HITCH. A stage provides a convenient means for
working down from upward (painting down a
wall from roof line to ground level, for
instance), but since you can’t hoist yourself

gu,‘aol LIN!/

TOE BOARD £ 02
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Figure 5-35.-Swinging scaffold,
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aloft on a stage, it’s no good for working from
down upward.

When the rig shown in figure 5-35 is hooked
to the tackles, you can move up or down at will,
simply by heaving in or slacking out on the
tackles, The two projecting timbers to which the
tackles will be attached are called OUT-
RIGGERS.

2x 4 GUART RAIL

s
b

NOTCHED BEARING
BLOCK SUPPORTING
END OF PUTLOG

e T

T2 PUTLOG

2 x5 LEDGER

2k
FOOTING

POLE SCAFFOLD
CONSTRUCTION

The poles on a job-built pole scaffold should
not exceed 40 ft in height, If higher poles than
this are mrquired, the scaffolding must be
designed by an engineer. (See figs. 5-36, 5-37,
anc 5-38.)

2 10 PLANK

I » & BRACE

Figura 5-36.-Singls pole scaffolding.
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Figure 5-37.~Double-pole or independant-pole scaffolding,
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For a hght-duty (not over 251b per sq ) For a heavy-duty (25 to 751b per sq ft)
scaffold, either single-pole or double-pale. the single-pole scaffold the minumum dunensions are
minimum fumber dimensicns are as follows as follows:

Poles: 244t or less, 2by 4, 2401 to Poles: 24t or less, 2by 6. 241{t to
40ft, 2 by 6 40 ft, doubled 2 by 4

Putlogs: doubled 2byd, or, 2by8
on edge

Putiogs. - 2 by 6 onedge

Ledgers: 2by6 Ledgers: 2by8
Braces: Tby4d Braces: I by 6
Pianking: 2 by {0 Planking 2 by 10
Guardrails: 2by 4 CGuardrails 2 by 4

]
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For a heavy-duty Jdcuble-poie scafiold the
minimum lumber dimer. ns are as follows.

Pols: 46t or 1088, 2bv 6, 241t to
40 ft: for load rom 25 to S01b
per sq ft, double 2 by 4. tor load
from 50 to 751b per sqft,
double 2 by 6

Putlogs: 2 by 8 on edge

Ledgers v 8

Braces: Ity o

Planking 2oy 10

Guardralls: 2 Dby 6

The long tudinal maxunwn pole spacing for
a light-duty scaffoid is " ft 6.n, For a
lieavy-duty seaffold it is 7 ft.

The transverse maximum pole spacmg fur
light- or heavy-duty independent-pole s affuld
with poles up to 24ft is 6ft 6in. For a
light-duty independent-pole scaffold with poles
24 10 40 {t the transverse maximum pole spaving
is 7ft. For a heavy-duty independent-pole
scaffold with poles 24 to 401t the wransierse
maximum spacing 1s |0 ft

For a single-pole hight- or he wvy-duty scaf-
foid the pole spacing from the wall should be
from 3 to % ft.

For a lght-duty scaffold the maximum
ledger vertical spacing is 7 ft. For a heavy-duty
scaffold the maximum ledger vertical spacing 1s
4 ft 6 in, ’

Construction requrrenients for puie scaffalds
are as follows

All pries inust be set up periecily plumb.

The lower ends of poles must not bear di-
rectly on a natural earth surface, If the wurface is
earth, a board footing 2 in. tnick and from 6 to
12 in. wide (depending on the softness of the
earth} must be placed under the poles,

1f poles must be spliced, splice plates must
not be less than 4 ft long, not less than the

.

width of the pole wide, and each par of plates
must have a combined thickness not less than
the thickness of the pole Adjacent poles must
not Ye spheed at the same level.

A ledger must be long enough t0 exterd over
two pole spaces;and it must overlap the poles at
the ends by at Jeast 4 in. Ledgers must be spliced
by ovetlapping and naihng AT POLLS-never
between poles. If platform planks are raised as
work progresses upward, the ledgers and putlogs
on which the planks previously rested must be
feft in place to brace and stiffen the poles. For 2
heavy-duty scaffold, ledgers must be suppo:
by cleats, nailed or bolted to the poles, ag we!l as
by being nailed themselves to the poles.

A single putlog must be set with the longer
section dimension vertical, and putlogs must be
long enough to overlap the poles by at least 3 in.
They should be both face nailed to the poles and
toenatled 10 the ledgers. When the nes end of
the putlog butts against the wull (as it doesin a
stngle-pole s.affold), it must be supported by a
2 x 6 bearing block not less than 12 . long,
notched out the width of the putlpg—ind
securt ly nailed to the wali. The inner end of the
putlug should be nailed to both the bearing
brock and the wall. If the inner end of a putlog
15 ocited n a2 window opening, it must be
supparted on a stout plank nalled acioss the
openung If the inner end of a puttogis naled to
a building stud, 1t must be supported on a cleat
of the same thickness as the putlog, natled to the
stud.

A platform plink must never be less than
2m, thick. Edges of planks should bhe close
enough together to prevent tcols or matenals
from falling through the opening. A plank must
te long znough to rxtend over 2 nutlogs, with
an overiap of at legst 6n But net more than
.

PREFABRICATED SCAFFOLD
ERECTION

Several types of patent  independem
scaffolding are avadable for simple and rapid
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.
-
5
.. > .
o 133.247
- Figure 5-36.~Assembling prefzoncated independent-pole scarfoldirg

erection as shown in figure 5-39 The scaffoid
upnghts are braced with diagonal members as
. shown in figure 5-40, and the workug level 15
v covered with a platform of planks. All bracing
must form triangles and the base of cach column

5-33

requires adequate footing plates for bearing area
on the ground. The patented steel scaffolding is
usually rected by placing the two uprights on
the ground and inserting the diagonal members
The diagonal inerchers have ¢nd fitiings which

—
o
(o
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Figure 5-40.—Prefebricated indapendent-pole seaff ¥ding.

o

permit rapid locking in position. The first tier is
set on steel bases on the ground, and a second
tier js placed in the same manner on the first er
with the bo*tom of each upright lovked to the
top of the lower tier. A third and fourth upright
can be placed on the ground level and Jocked to
the first set with diagonal bracing. The
scaffolding can be built as high as desired, but

high scaffolding should be ted in o the main
structure,

Steel and aluminum scaffolding is used 1o
speed up  construction and maintenance
operations. For interior work and erection, there
are many types. Figure 54} shows a type of
scaffolding used around many construction steg -
because this type can be disassembled and




Figure 5-41.—The scatfolding used for interior work and arection of a construction project,

transported whenever necessary. They are
mounted on steei casters, with brakes and
adjustable supports, which pemit guick
movement and posittoning of each towe'. This
scaffolding is equipped with special, trussed
planks, 12 ft long, which are placed to enable
crewmembers 1o be within comfortable and safe
working distance of all bullding connections.

BRACKET SCAFFOLDS

Bracket scaffolding (fig. 5-42) has certain
advantages over the ones previously discussed. it
is easier o erect, involves less labor, and requires
less material. Thys type scaffeid can be easily
constructed of wocd and, in some areas, is
readily available in prefabricated steel.

Caution is a must when fastening steel
bracket scaffolding in place vath nails, because

335

the nals inust be driven as not to break the
heads. Nals with broker heads are definitely
unsafe for scaffolds. Some brackets are even
fastened t¢ tue wall with spikes while others
may be hooked around a stugd. The latter type of
bracket is safe. but requires the making of a hole
in the sheathing for ‘ithdrawal of the bracket
To fasten another type steel bracket, you need
to bore a hole in a 2 by 4 crosspiece nailed to
the inside of }( stud.

The most sample bracket and vet sturdy is
the wooden bracket and the Builder can
wonstruct it on the job. Some wooden brackels
are fastened to the wall and some are pot. The
ones .ot fastened tc the wall are supported by
2by 4’s set at an angle of 45 degrees. Ine
brackets are held in place and kept from tipping
or siiding on the wall by using cross braces of
i by 6 material.
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133.445
Figers 5-42.~Capentsr's portable hrackst for scef-
folding.

Another type of commonly used brackst
scaffolding is the irdder jack, as shown in figure
$-43, This type cf vracket scaffolding requires
very little matennal and 'abor t0 set it up.

SCAFFOLD SAFETY

The foliowing scaffolding safety precautions
must be observed by all persons working on
scaffolds or tending other persons who are
working on scaffulds. Builder petty officers
must not orly ubserve the safety precautions
themselves, but also promulgate them i their
crew 4nd insure that the crew observe thens.

Standard scaffolds suitable to the work at
hand must be provided and used. The use of
makeshift substitutes is prohibited.

Al scaffolds must be mainiained 1z a safe
condition, and a scaffold must not be altered or
disturbed while n use. Personne! must not be
allowed to nse damaged or weakened scaffolds

Figure 5.43.—1.adder jack for sceffolding.

Stmictural members, supporting lines and
tackles, and other scaffold equipment must be
mspected daily before work on scaffolding is
started.

When crewmembers working on a scaffold
are directly below others working above, the
ones below must be sheltered against possible
falling objects by protective headgear.

If the frequent presence of personnel die
rectly under a scaffold is unavoidable, a pro-
tecuve covering must bhe set up under the
scaffold. A passageway or thoroughfare under a
scaff2ld must have both overhead and side
protection.

Access to scaffolds must be by standard
stairs or fixed ladders only.

The erection, alteration, and dismantling of
scaffolds must be done under the supervision of
Jewmembers who are expenenced in scaffold
work.

When scaffelding s beng dismantled it
should be cleaned, and ready jor storage or use.
Scaffolding that is not ready for use shouid
never be <tored,

Work on scaffolds should be secured drring
storms or high winds, or when scaffolds are
covered with ice or snow.
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Unstable objects, such as basrels, boxes,
loose bnck. or building blocks. must not be used
to support scaffold planking.

No scaffold may be used for the storage of
materials i excess of those currently required
for the job.

Tools not in immediate use on scaffoids
must be stowed in contamners, to provent tools
left adrift from being knocked off Tool
containers must be lashed or otherwise secured
to the scaffolds.

Scaffolds must be kept (lear of ac-
cumulations of tools, equipment, matetials, and
ribbish,

If part of a scaffold must be used as a
loading or landing stage for materials, the
scaffoi¢ must be additionalty braced and
reinforced at and around the landing stage area.

Throwing objects to or dropping thein from
scaffolds is absolutely prohibited. }iandlines
must B¢ used for raising or lowenng objects
which cannot be passed hand-to-hand.

A standard guardrail and toehoard should be

“ovided on the npen side of all platforms S {t

or more sbove ground. otherwise safety belts
tied off to safety lines muyst be used.

I . the space between the scaffold  and
buuding 15 more than i8 . o standard guandra
should be erected on the bullding side.

No person should reman on the rolling
scaffold while 11 1s iwing moved

No person wil lcan on or agunst or stand or
sit on any guardraid or guerdhine

When 1 bLghtduty portable  scaffold s
formed of planks supported or lntched on trestle
ladders, the base of the laddet should be secured
against opening up to the fuil spread before
{aying on the planks.

A Scalfold must N VIR Le overloaded

Scaffolds are bwlt in the following strength
categones (1) extra-hesvyduty, (21 heavy

duty, (3 hight duny, and (6 an ntermediaie
vategory between hight and heavy. for scaffolds
used by stacco workers and by lathers anl
piasterers. The maxmum vaform afe working

D U P S SE
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load per sq ft of platform for each of these
categories is as follows:

Extra-heavy-duty (stone

masons) . ... . 751b
Heavy-duty (stone setters and

bricklayers . ........ 5016
Light-duty (carpenters and
muscellaneous) 251b
Intzrmediate (stucco workers

and plasterers) 301b

To get the load per sqft of platform of a
pile of matérials on a platform, divide the total
weight of the pile by the number of sq ft of
platform it covers.

HOISTING SAFETY SIGNALS
AND RULES

ONE PER ;ON. and ONE PERSON ONLY,
should be designated as official signal.nan for
the operator of a piece of hoisting equipment,
and both the signalman and the operator must
be thotoughly familiar with the standard hand
signals. Whenever possible, the signalman should
weal some distinctive article of dress, such as ¢
bright-colored helmet. The signalman must
maintan a positton from which the Ioad and the
CI2W WOFKINg Oi i: can be seen. and also where
he can be seen by the operator.

Figure 5-44 shows the standard hand signals
for iwssting equipment. Some of the signals
shown apply only to mobile equipment. others
only io 2 piece of equipment with a boom whick
can be raised, lowered, and swung in a circle.

The two-arm hoisi and lower signals are used
when the signalman desires 1o control the speed
of hosting or lowering. The one-arm hoist
lower agral allows the operator to take the loa
nght on up, or to lawer it righ. on Jown.

To DOG OFT the load and boom means to
s the brahes <0 as to ook Poth the hoisting
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L

HOIST WITH FOREARM VERTICAL,
]

FOREFINGER POINTING UP, MOVE
HAND EN SwALL HORIZONTAL

CIRLLES H

ING DOWN, MOVE HAND IN SMALL

OWER M TH ARM EXTENDED
OWHwWARD, FOREFINGER POINT.

ORIZONTAL CIRCLES.

USE MAIN HOIST TaAP FiST ON
HEAQ, THEN USE REGULAR
SIGMALS

USE WNIP LINE (aUuxXiLiaRY
HOST) TAP ELBOW WiTH ONE
HAND, THEN USE REGULAR
SIGNALS.

RAISE POOM ARM EXTENDED,
FINGERS CLOSED, THUMB POINT.
ING UPwaARD

LOWER BOOM- ARM EXTENDED,
FINGERS CLOSED, THUMB POINT.
ING DOWNWARD.

MOVE SLOWLY USE ONE HAND TO
GIYE AMlY MOTION SIGHNAL AND
PLACE OTHER HAND MOTIONLESS
IN FRONT OF HAND GIVING THE
MOTION SGNAL HOIST SLOWLY
SHOWN AS EXAMPLE

RAISE YHE BOOM AND LOWER
THE LOAD WITH ARM EXTENDED
THUMB POINTING UP FLEX
FINGERSIN AND OUT AS LONG AS
LOAD MOVEMERT 1S DESMIRED

LOWER THE BOOM AND RAISE
THE LOAD ®ITH ARM EXTENDED,
THUMB POINTING ODwWN, FLEX
FINGERSIN AND OUT AS LONG
AS LOAD MOVEMENT +5 DESIPED

Figure 5-34.-Construction hand signals.
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SWING ARM EXTENDED POINT
WITH FINGER IN OIRECTION OF

SWING OF BDOM

STOP- ARM EXTENDED, PALM
POWN, HDL D POSITION RIGIDLY

EMERGENCY $TDP: ARM EX-
TENOED, PALM DOWN, MOVE
HAND RAPIDLY RIGHT &AND

LEFT.

TRAVEL ARM EXTENDED FOR-
wWARD, HAND OPEN AND SLIGHTLY
RAVSED, MAKE PUSHING MOTION
tN DIRECTION OF TRAVEL

POG EVERYTHIAG CTLASF HANOS
IN FRONT OF BODY

TRAVEL-{BOTH TRACKS)USE
BOTH FISTS, \IN FRONT OF BODY,
MAKING A QIRCULAR MOTIDN,
ABOVE EACH CTHER, INDICATING
DIREC {ION OF TRAVEL, FOR-
WARD OR BACKWARD (FOR

CRAWLER CRANES (ALY).

TRAVEL {ONE TRACK) LOCK THE
TRACK ON SIDE INDICATED BY
RAISED FIST, TRAVEL OPPOSITE
TRACK IN DIRECTION iNDICATED
BY CIRCULAR MOTIDN OF OTHER
FIST, ROTATED VERTICALLY IN
FRONT CF BOOY (FOR CRAWLER
CRAHES DHLY)

EXTEND BOOM ITELESCOPING
BOOM) BOTH FISTS :N FRONT OF
BODY WiTH THUMBS + INTING
QUTWARD

RETRACT BOOM ITELESCOPING
BOOM) BOTH FISTSIN FROVWT OF
BODY wITH THUMBS POINTING
TOwARD EACH DTHER

Figure 5-44,—Construction hand signals—Continued.
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EXTEHD BOOM-{TELESCOPING
BOOM) ONE HAND SIGNAL. ONE
FIST IN FRONT QF CHEST wiTh
THUMB TAPPING CHEST,

RETRACT pOOM: (TELESCOPING
BOOM} ONE HAND SIGNAL., ONE
FIST ih FRONT OF CHEST, THUMB
POINTING OUTwARD AND HEEL
OF FIST TAPPING CHEST.

29.88
Figure 5-44,~Constyuction hand signal:—Continued,

niechanism and the boom hoist mechanism, The
signal is given when circumstances require that
the load be left hanging motionless in the air for
some time,

With the exception of the EMERGENCY
STOP signal, which may be given by anyone
who sees a necessity for it, and which must be
obeyed instantly by the operator, only the
official signalman gives the signals.

The signalman 1s responsible for making sure
that members of the crew remove their hands
from slings, hooks, and loads before giving a
signal. The signalman should also make sure that
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CHOKER HITCH BASKET HITCH

INVERTED BASKET HITCH

29,180
Figure 5-45.—Ways of hitching on a sling.

all persons are clear of bights and snatch
clock lines.

The most common way of cttaching a load
to a lifting hook is to put a SLING around the
load and hang the sling on the hook. (See fig.
5-45.) A sling may be made of line, wire, or wire
rope with an eye in each end, (also called a
STRAP) or an ENDLESS SLING. (See fig.
5-46.) Both of these types are described and
illustrated in Constructionman, NAVLDTRA
10630-F. When a sling is passed through its own
bight or eye, or shackled or hooked to its own
standing part, so that it tightens around the load
like a lasso when the load is lifted, the sking is
said to be CHOKED, or it may be called a
CHOKER as shown in figures 5435 and 546. A
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:

CHOMER HETCH

=i

DOUBLE ANCHOR
HTCH

BASKET MITCH

2819
Figura 6-46.—-Ways of hitching on straps.

two-legged sling which supports the load at two
points is called 2 BRIDLE as shown in figure
5-47,

The following safety rules must be
promulgated to and observed by all hands
engaged in hooking on.

The person in charge of hooking on must
know the safe working {oad of the rig and the
weight of every load to oe hoisted. The hoisting
of any lead heavier than the safe working load
of the nig is absolutely prohibited.

When a cylindrical metal object such as a
length of pipe, a g.s cylinder, or the like, is
hoisted in a choker bridle, zach leg of the bridle
should be given a round turn around the load
before it is hooked or shackled to its own part.
The purpose of this is to insure that the legs of
the brdle will not slide together zlong the load,
thereby upsetiing e balance and possibly
dumping the load.

The pomt of strain on a hook raust never be
at of near the point of the hook.

Before the HOIST signal is given, the person
in charge must be sure that the load will balance
evenly in the sting.

Before the HOIST signal is given, the person
in charge should be sure that the lead of the
wiup or falls is vertical. 1f it 1s not, the load will
take a swing as it leaves the deck.

80.165{1270)
Figure 5-47.—~Bridies.

As the load leaves the deck, the person in
charge must watch carefully for kinked or
fouled falls or slings. If any are observed, the
load must be lowered at once for clearing.

Tag lines must be used to guide and steady 2
load whenever there is a possibility that the load
might get out of control.

Before any load is hoisted, it must be
inspected carefully for loose parts or objects
which might drop as the load goes up.

All personnel must be cleared from and kept
out of any area which is under a suspended load,
or over which a suspended load may pass.
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NEVER walk or rununder a suspended load.

Loads must not be placed and left at any
point closer than 4 ft to 8 in. from the nearer
rail of a railroad track or crane truck, or in any
position where they would impede os prevent
access to firefighting equipment.

Whenever materials are being loaded or
unloaded from any vehicle by crane, the vehicie
operators and ali other persons except the
rigging crew should stand clear.

T

Whenever materials are placed in work or
storage areas, dunnage ot shoring must be
provided as necessary to prevent tipping of the
loagd or shifting of the materials.

All crewmembers must stand cjear of loads
which tend to pread out when landed.

When slings are being heaved out from under
a load, all crewmembers must stand clear to
avoid a backlash, and also to avoid a toppling or
a tip oi the load which might be caused by
fouling of a sling.




CHAPTER 6

LEVELING, GRADING, AND EXCAVATING

In this chapter the common types and uses
of leveling instruments, principles, and
procedures of establishing elevations, techniques
of laying out building lines, and fundamentals of
excavating are described. As a Builder, you will
find the information especially useful in
performing duties, such as setting up a level,
selecting tuming points, reading a leveling rod,
interpreting and setting grade stakes, setting
batter boards, and determining dimensions of
below-grade structures. Also included in this
chapter are practices and measures that help
prevent slides and cave-ins at excavation sites
and the procedures for computing volume of
land mass.

LEVELS

The ENGINEER’'S LEVEL, often referred to
as the DUMPY LEVEL, is the instrument most
commonly used to attain the level line of sight
required for differential leveling (defined later).
The DUMPY LEVEL and the SELF-LEVELING
LEVEL c¢an be mounted for use on a TRIPOD,
usually with adjustable legs. (See fig. 6-1.)
Mounting ;s done by engaging threads at the
base of the instrument (called the
FOOTPLATE) with the threaded HEAD on the
tripod. These levels are the ones most frequently
used in ordinary leveling projects. For rough
leveling, the HAND LEVEL is used.

DUMPY/ENGINEER'S

Figure 6-2 shows a DUMPY/ENGINEER'S
level and 1its nomenclature. Notice that the

29.243AX
Figurs 6-1.—Tripods.

telescope is rigidly fixed to the supporting
frame.

Inside the telescope there is a ring or
diaphragm known as the RETICLE (not shown),
which supports the CROSSHAIRS. The
crosshairs are brought into exact focus by
manipulating the knurled EYEPIECE FO-
CUSING RING near the EYEPIECE or the
eyepiece itself on some models. 1f the crosshairs
get out of honizontal adjustment, they can be
made horizont:il again by slackening the
RETICLE ADJUSTING SCREWS and turmng
the screws in the appropriate direction.

The objeci to which you are sighting is
called a TARGET, regardless of its shape. The
target is brought into clear focus by
manipulating the FOCUSING KNOB shown on
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RETICLE ADJUSTING
SCREW

FOCUSING KNOB

SUN SHADE

LEVEL viaL

AZIMUTH TANGENT
SCREW

Ly — 1
S e

FODTPLATE

LEVELING HEAD

AZIMUTH CLAMP

LEVELING SCREW

29.245A

Figure 6-2.-Dumpy level.

top of the telescope. The telescope can only be
rotated horizontally, but before it can be
rotated, the AZIMUTH CLAMP must be
released. After training the telescope as neariy
on the target as you can get it, you tighten the
azimuth clamp. Then you bring the vertical
crosshair into exact alinement on the target by
rotating the AZIMUTH TANGENT SCREW.

The LEVEL VIAL, LEVELING HEAD,
LEVELING SCREWS, and FOOTPLATE are all
used to adjust the instrument to a perfectly level
line-of-sight, once it is mounted on the tripod,

SELF-LEVELING

It is timesaving to use the self-leveling or
so-calied automatic level in leveling operations.
The self-leveling level (fig. 6-3) has completely

eliminated the use of the tubular spirit level,
which required an excessive amount of time (o
center the bubble, and the bubble had to be
reset quite often during operation,

The self-leveling level is equipped with a
small buli's-eye level and three leveling screws.
The leveling screws, which set on a triangular
footplate, are used to center as much as possible
the bubble of the bull's-eye level. The
line-of-sight automatically becomes horizontal
and remains horizontal as long as the bubble
remains approximately centered.

HAND

The hand level, like all surveying levels, is an
instrument which combines a level vial and a




COMPONENTS OF THE COMPENSATOR

| - FIRMLY ARRANGED PRILM

2 - PRISM SUSPENDEDON 4 WIRES
3 . FIRMLY ARRANGED RQOF PRISM
4 - AtR DAMPING

45.750X

Figure 6-3.—Self-laveling [evel,
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gghting device. Figure 6-4 shows the locke level
which is also known as a hand level. A
horizontal line, called an index line, is provided
in the sight tube as a reference line. The tevel
vial is mounted atop a slot in the sighting tube in
which a reflector is set at a 45° angle. This
permits the otserver who is sighting through the
tube, to see the object, the position of the level
bubble in the vial, and the index line at the same
time.

In order to get the correct sighting through
the tube, you the observer should stand straight,
using the height of your eye (if known) above
the ground to find the target. When your eye
height is not known, you cau find it by sighting
the rod at eye height in front of your body.
Since the distances over which you sight a hand
level are rather short, no magnification is
provided in the tube.

DIFFERENTIAL LEVELING

The most common precedure for de-
termining elevations in the field, or for
locating poin:s at specified elevations, is known
as DIFFERENTIAL LEVELING. This pro-
cedure, as its name implies, is nothing more
than finding the vertical DIFFERENCE between
the known or assumed elevation of a bench
mark and the elevation of the point in question.
Once the difference is measured, it can be added
to, or subtracted from {depending on the
circumstances), the bench mark elevation to
determine the elevation of the new point.

ELEVATION AND
REFERENCE

The ELEVATION of any object is its
vertical distance above or below an established
height on the earih’s surface. This established
height is referred to as either a REFERENCE
PLANE ot simple REFERENCE. The most
commonly ysed reference plane for elevations is
MEAN {or average} SEA LEVEL, which has
been assigned an assumed elevation of 000,0 fi.
Howevet, the reference plane for a construction
project is usually the height of some permanent
or semipermanent object in the immediate
vicinity, such as the rim of a manhole cover, a

Figure 6-4.—Locke level.

road, or the finishi floor of an existing structure.
This object may be given jts relative sea-level
elevation, if that happens to be known; or it
may be given a comvenient, arbitrarily assumed
elevation, usually a whole number, such as
100.0 ft. An object of this type, with a given,
known, or assumed elevation which is to be used
in determining the elevations of other points, is
called a BENCH MARK,

PRINCIPLES OF
DIFFERENTIAL LEVELING

Figure 6-5 illuystrates the principle of
differential leveling. The instrument shown in
the center represents an ENGINEER’S LEVEL.
This optical instpyment provides a perfectly level
line of sight through a telescope which can be
trained in any direction. Point A in the figure is
a bench mark {it could be 1 concrete monument,
a wooden Stake, a sidewalk curb, or any other of
a variety of objects) having a known elevation of
365.01 ft. Poirt B is a ground surface point
whose elevation ¢ desired.

The first step in firding the elevation point
of Point B is to determine the clevation of the
line-of-sight of the instrument. This is known as
the height of instrument and is often written
and referred to as simply H.I. To determine the
H.I. you take a BACKSIGHT on a2 LEVEL ROD
held vertically un the bench mark (B.M.), as
shown, by a rodman A backsight (B.S.} is
always taken after a r.ew instrument position is
set up by sighting back to a known elevation in
order to get the new H.l. A leveling rod is
graduated upward in {t, from O at its base, with
appropriate subdivisions in ft.

In figure 6-5 the backsight reading is
11.56 ft. It follows then, that the clevation of
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Figure 6-5.—Procedure for differantial leveling.

the line-ofsight (that is, the H.L) must be
11.56 ft greater than the bench mark elevation,
Point A. Therefore, the H.I. is 3635.01 ft+
11.56 ft, or 376.57 ft as indicated. '

Next, you would train the instrument ahead
on another rod (or more likely, on the same rod
carricd ahead) held vertically on B. This is
known as taking a FORESIGHT. After reading a
foresight (F.S.) of 1.42 ft on the rod, it follows
that the elevation at pei-t B must be 1.42 ft
lower than the H.I. Therefore, the elevation of
Point Bis376.57ft- 1.42 ft, or 375.15 ft.

SETTING UP A LEVEL

After selecting the proper location, the first
step is to set up the tripod. This is done by
spreading two of the legs a convenient distance
apart and then bringing the third leg to a
position which will bring the PROTECTOR CAP
(which covers the TRIPOD HEAD THREADS)
about level when the tripod stands on all three
legs. Then unscrew the proteclor cap, which
exposes the threaded head, and place it in the
carrying case where it will not get lost or dirty.
The tripod protective cap should be in place
whenever the tripod is not being used.

Lift the instrument out of the carrying case
by the footplate—NOT by the telescope. Set it

squarely and gently on the tripod head threads
and engage the HEAD NUT THREADS under
the footplate by rotating the footplate
clockwise. If the threads will not engage
smoothly, they may be cross-threaded or dirty.
DO NOT FORCE them if you encounter
resistance, but instead, back off. and after
checking to see that they are clean, square up
the instrument, and then try again gently. Screw
the head nut up firmly, but not too tightly.
Screwing it too tightly causes eventual wearing
of the threads and makes unthreading difficult.
After you have attached the instrument, thrust
the leg tips into the ground far enough to insure
that each leg has stable support, taking care to
maintain the footplate as near level as possible.
With the instrument mounted and the legs
securely positioned in the soil, the thumbscrews
at the top of each leg should be firmly tightened
to prevent any possible movement.

Quite frequertly the Builder must set up the
instrument on a hard, smooth surface, such asa
concrete pavement. Therzfore, steps must be
taken to prevent the legs from spreading. Figure
6-6 shows two good ways of doing this. In view
A, the tips of the legs are inserted in jointsin the
pavement. In view B, the tips are held by a
wooden floor triangle.
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45.94
Figure §-0.—Methods of preventing tripod legs from
sproading.

LEVELING ALEVEL

To functic1 accurately, the level must
provide a linr .of sight which is PERFECTLY
(fORIZONTAL (that is, LEVEL) in any
direction the, lelescope is trained. To insure this,
the instrume nt must be leveled as follows,

As«<already explained, when the tripod and
instrument are first set up, the footplate should
be made as nearly level as possible. Next, train
the telescope over a pair of diagonally opposite
leveling screws and clamp it in that position.
Then manipuiate the leveling thumbscrews, as
shovm in figure 6-7, to bring the bubble in the

Figure 6-7.—~Manipulating leveling thumbscrews.

level vial exactly into the marked center
position,

The thumbscrews are manipulated by simul-
taneously turning them in opposite directions, a
procedure which shortens one SPIDER LEG
(threaded member runmng through the
thumbscrew) while it lengthens the other. It is
helpful to remember that the level vial bubble
will move in the same direction that your left
thumb moves while you rotate the thumbscrews.
To put this another way: when your left thumb
pushes the thumbscrew CLOCKWISE, the
bubble will move towards your left hand; when
you tum the left thumbscrew COUNTER-
CLOCKWISE, the bubble moves toward your

right hand.

After leveling the telescope over one pair of
screws, train it over the other pair and repeat the
process. As a check, set the telescope in all four
possible positions and be sure that the bubble
centers exactly in each.

Various techniques for using the level will
develop with experience; however, in this
section we will only discuss the techniques that
we believe are essential to the Builder rating. If
you, as a Builder, find that you need more
information concerning leveling techniques,
refer to the latest edition of Engineering Aid
F& 2.

BALANCING SHOTS

No matter how carefully an instrument is
leveled, the line-of-sight through the telescope is




Chapter 6-LEVELING, GRADING, AND EXCAVATING

likely to be not quite exactly horizontal. The
error which this introduces is directly
proportional to the distance between the level
and the objectsighted. This means that the error
increases as the distance increases. To help
overcome this INSTRUMENTAL ERROR, you
should take BALANCING SHOTS.

Balancing shots are nothing more than
equalizing, as much 2s possible, the backsight
and foresight distances by selecting setup points
which are as nearly as possible equidistant from
the points backsighted and foresighted.

TURNING POINTS

In the procedure shown in figure 6-5, you
were able to determine the desired elevation
from a single instrument setup, because the
difference in elevation between the bench mark
and the point was small enough to make this
possible. However, figuie 6-8 shows a situation
in which the difference .n elevation is too large
for a single setup.

In such 2 case, determine the elevations of as
.tany intermediate TURNI/NG POINTS (T.P.) as
you need to bring the instrument to a setup
point from which you can read 3 rod set on the
summit. You start here by setting up at a point
on the slope where you can get a pretty high

s 131 89

-]
-4 72

SUMMIT g1 k2217

engy ™t

Hi 121 99

backsight reading on a rod set on the bench
mark. The backsight reading is 12.02 f;
therefore, the H.L at the first setup is
100.00 + 12.02, or 11202 ft, You then train the
telescope ahead, in the direction of the summit,
and set up the rod on a point where you can get
a low reading of 2.06 ft. The elevati. . of this
point is 112.02 - 2.06, or 109.96 ft. This point is
the first turning point.

You can see in the figure how it was used to
backsight on from the next forward setup, and
how the elevation of a second T.P. was obtained.
From a third setup, between this T.P. and the
summit, it is possible to determine the elevation
of the summit.

SELECTIONOF
TURNING POINTS

Suppose you want to determine the
elevation of a certain point A. The nearest point
of known elevation is a certain B.M. Because of
distance, steepness of slope, or both, you have
to make the run by way of a series of
intermediate T.P.s. Somebody else has
determined the elevation of the B.M., but each
of the 1.P.’s is a point whose elevation you must
determire  yourself. The accuracy of the
elevation you determine for point A will depend

HiRR 627

TPA 4110996

BM ¢’ 300 0C

Figure 6-8.—Turning points {TP}.
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on the accuracy with which you can determine
the elevation of ehch intcrinediate T.P.

For most ordinary leveling, it is customary
to limit B.S. and F.S. distances to a maximum of
300 horizontal ft. Consequently, the first setup
point should be not more than 300 ft from the
B.M. and the first T.P. should be about the
same distance from the setup point (if the
required accuracy.calls for balancing shots).

In general, T.P.’s and setup points should be
selected to make rod readings as small as
possible. This means that the best setup point is
one at which the difference in elevation between
the B.M. and the H.I. is as small as possible, and
the best T.P. is one with an elevation as near
that of the H.I. as possible.

Why are small rod readings desirable?
Because if a rod is held slightly out of piumb,
each reading on the rod will be larger by a

CHAIN FOR
PULLING Pliy

certain amount than it should be, and this
amount increases as the size of the rod reading
increases. Suppose, for example. that a rodman
holds a rod so far out of plumb as to cause it to
read 12.01 ft when it would have read 12.00 ft
if it were plumb. The error for a 1200t
distance, then, is 0.C1 ft. For a 2.00-ft distance
on the same rod held in the same manner,
however, the error would equal the value of x in
the equation 12.00:0.01::2.00:x, or only about
0.002 ft.

A selected T.P. must fumish a fim,
unyielding support for the base of the rod, This
prevents the rod from seitling into the ground
between instrument setups. When you cannot
avoid working in soft, yielding ground, the base
of the rod should be placed on a stake driven
flush with the ground, or, or a specially made
TURNING POINT PIN or TURNING POINT
PLATE, as those illustrated in figure 6-9.

* ROUND HEAD RIVET

¥

3/16" STEEL P ATE

Figura 8-9.—Tuming poinx pin and turning point plate.

129
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CAREOF LEVELS

An engineer’s level is a precision instrument
containing many deli:ate and some fragile parts.
it must be handled gently and with the greatest
care at all times, and it must never be subjected
to shock or jar. Movable parts (if not locked or
clamped in place) should work easily and
smoothly. If a movable part resists nonnal
pressurz, theie is something wrong somewhere,
and if you FORCE the part to move you will
probably damage the instrument. You will also
cause wear and/or damage if you tighten clamps,
screws, and the like excessively.

The ONLY proper place to stcw the
mstrument when 1t is detached from the tripod
is 1n its own carrying box or case. The carrying
case is designed to reduce the effect of jarring to
a2 minimum, and it is strongly made and well
padded to protect the instrument from damage.
Before stowing. tite azimuth clamp and leveling
screws should be slightly tightened to prevent
movement of parts inside the box. When it is
being transported in a vehicle, the case
containing the instrument should be placed as
nearly as possible midwayv between the fron: and
rear wheels. This is the point where jarring of
the wheels has the least ¢ffect on the chassis.

You should never lift the instrument out of
the case by grasping the telescope. Wrenching
the telescope in this manner will damage a
number of delicate parts. Instead, lift it out by
reaching down and grasping the foot plate or the
level bar.

When the instrument is attached to the
tripod, and it is to be carried from One point to
another, the azimuth clamp and level screws
should be set up tight enough to prevent part
motion during the transport, but lcose enough
to allow a “give” in case of an accidental bump
against some object. When you are carrying the
instrument over terrain which is free of possible
contacts (across an open field, for example), you
may carry it over your shoulder, like a rifle.
When there are obstacles around. you should
carry it as shown in figure 6-10. Carried in this
manner, the instrument is always visible to you,
and this makes it possible for you to avoid
striking it against obstacles.

45.93
Figure 6.10.—Safest carrying paosition far instrument
whan abstacles may be encountered.

LEVELING RODS

LEVELING RODS are used to measure the
precise vertical distance between the obiect or
point in  question and the exactly level
linc-of-sight of the instrument. For example, in
figure 6-5, the leveling rod was held at points A
and B and vertical heights of 11.536 ft and
1.42 ft were read respectively, There are two
general types of leveling rods. These are the
DIRECT READING type (also called SELF-
READING type) and the TARGET-READING
type. Since mmost target-reading rods can also be
read direct, it is really m ~re accurate to say that
most leveling rods are direct-reading and some
are also equipped for taiget-reading.

Philadelphia Rod

Perhaps the most frequently used leveling
rod is the PHILADELPHIA rod shown in fjgure
6-11. The face of the rod is shown to the left,
the back to the right. The rod consists of two
sliding sections which can be fully extended to a
total length of 13.10 ft. When the sections are
entirely closed, the total length is 7.10 ft. For
direct readings (that is, for readings on the face
of the rod) of up to 7.10 ft and 13.10 ft, it is
used extended and read on the back by the
rodman.
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Figure 6-11.—Face and back of Philadelphia leveling rod.

In DIRECT readings, it is the person at the
instrument wiro reads the graduation on the rod
intercepted by the crosshair through the
telescope. In TARGET readings, it is the
RODMAN who reads the graduation on the face
of the rod intercepted by a TARGET. In figure
6-11, the target does not appear; it is shown
however, in figure 6-12. As you can see, it is a
sliding, circular, red-and-white device which can
be moved up or down the rod and clamped in
position. It is placed by the rodman on signals
given by the instrumentman.

"29.267A
Figure 6-12.—Philadelphis rod set for target resding of
less than 7.000 f1.
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The rod sliowr in the figures is graduated in
ft and hundredths of a ft. Each even ft is marked
with a large red numeral, and between each pair
of adjacent red numerals the intermediate tenths
of a ft are marked with smaller black numerals.
Each intermediate hundredth of 2 ft between
each pair of adjacent tenths is indicated by the
top or bottom of one of the short. black dash
graduations.

DIRECT READINGS.~As the levelman. you
may make direct readings on a seifreading rod
held plumb on the point by the rodman. If you
are working to tenths of a ft it is relatively
sirsple to read the ft mark below the crosshair
and the tenth mark which is ¢losest to the
crossi.air. But jf greater precision is required,

TOP OF THE CINES

wu HunoReoras | |

498

4 96

49¢

and You must work to hundredths, the reading is
more complicated. as shown in figure 6-13.

For example, suppose you are making a
direct reading which should come out to 5.67 ft.
If the rod is a Philadelphia rod, the interval
between the top and ths bottom of each black
graduations, and the interval between the black
graduations (see fig. 6-14), each represents
0.01¢t, For a reading of 5.76 ft, there are 3
black graduations between the 5.70-ft mark and
the 5.76-ft mark. Since there arc 3 graduations,
a beginner may have a tendency to misread
5.76 ft a8 5.73 f1.

As you can see, neither the 5-ft mark nor the
6-t mark are shown in figure 6-14. Sighting
through the telescope, you might not be able to
see the ft marks to which you must refer the

/RED

500'«—TOP OF LINE IS

EXACTLY A WHOLE
FOOT

'a

TENTHS
/

20

BOTTOM OF THE
€INES ARE DDD

HUNDREOTHS

4 B5.

483’

4 ar-

\TOP OF LINES ARE

EXACTLY A TENTH
of A FOOT

Figure 6-13.—Philadelphia rod markings.
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45.96
Figure 6.14.-Direct reading of 5.76 i+ on Philadelphia
rodl.

reading, When you can not see the next lower ft
mark through the telescope. it 1s a good idea to
order the rodman to “raise the red.” The *‘red”
has reference to the fact that the numerals
which indicate whole ft on the Philadelphia rod
are in the red. When ihe rodman hears this
otder, the rodman slowly raises the rod until the
next lower red figure comes into view.

TARGET READINGS ~-For more precise
vertical measurements, level rods wmay be
cquipped with a rod target that can be set and
clamped by the rodman at the directions of the
instrumentman. When the engincer’s level rod

target and the vernier scale are being used, it is
possible to make readings of 0.001 (1/1000ft)
which is approximately 1/32nd of an inch. The
indicated reading of the target can be read either
by the rodman or the instrumentman. In figure
6-15, you can see that the O on the vernier scale
is in exact alinement with the 4-ft mark. If the
position of the 0 on the target is not in exact
alinement with a line on the rod. go up the
vernier scale on the target to the line that is in
exact alinement with the hundredths line on the
rod and the number located would be the
reading in thousandths.

There are three situations in which target
reading rather than direct reading is done on the
face of the rod: when the rod is too far from the
level to be read directly through the telescope;
and when a reading to the nearest 0.001 ft,
rather than to the nearest 0.01 {t, is desired {a
VERNIER on the target or on the back of the
rod makes this possible as explained shortly);
and when the instrtunentman desires to insure
against the possibility of reading the wrong ft
{large red letter) designation on the rod.

For target readings up to 7.000 ft, the rod is
used fully closed. and the rodman. on signals
from the instrumentman sets the targei at the
point where its horizontal gxis is Intercepted by
the crosshair. as seen tivough the telescore.

FARGET SET
AT 4000

J (Note Thot
Yeraidr
Graduation O
$ The Index)

LC]AGEON&L LINES INDICATES RED —

Figure 6-15.—Target.
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When the target islocated, it is clamped in place
with the TARGET SCREW CLAMP, as shown in
figure 6-12. When 2 reading fo only th: nearest
0.01 ft is desired, the graduation indicated by
the target horizontal axis is read; in figure 6-12,
this reading is 5.84 ft.

If reading to the nearest 0.001- ft is desired,

the rodman reads the VERNIER (small scale .

running from O to 10) on the target. The O on

the vemier indicates that the reading lies

between 5.840 ft and 5.850ft. To determine
how many thousandths of a ft over 5.840 there

are, you examine the graduations on the vemier’

to determine which one is most exactly in line
with a graduation (top or bottom of a black
dash) on the rod. In figure 612, this-graduation
on the vemier is the 3; therefore, the reading (o
the nearest G.001 ft is 5.843 ft. - '

For target readings of more than 7.000 ft
the procedure is a littie different. If you look at
the night-hand view of figure 6-11 (showing the
BACK of the rod), you will see that only the
back of the UPPER section is graduated, and
that it is graduated DOWNWARD from 7.000 ft
at the top to 13.09 ft at the bottom. You can
also see that there is @ ROD VERNIER fixed to
the top of the LOWER section of the rod. This
vernier is read against the graduations on the
back of the upper section.

For a target reading of more than 7.000 ft,
the rodman;first clamps the target at the upper
section of the rod. Then, on signals from the
instrumentman, the todman extends the rod
upward to the point where the horizontal axis of
the target is intercepted by the crosshair. The
rodman then clamps the rod, using the ROD
CLAMP SCREW shown in figure 6-16, and reads
the vernier on the BACK of the rod, also shown
in that figure. In this case the 0 on the vemier
indicates a certain number of thousandths more
than 7.100ft. REMEMBER THAT IN THIS
CASE, YOU READ THE ROD AND THE
VERNIER DOWN FROM THE TOP, NOT UP
FROM THE BOTTOM. To determine the
thousandths, determine which vernier
graduation lines up most exactly with a
graduation on the rod. In this case it is the 7
therefore, the rod reading is 7.107 ft.

ROD CLAMP

i SCREW

29.2678
Figure 6-16.—Philadelphia rod targrt reading of more
than 7.000 ft.

Rod Levels

A rod reading is accurate only if the rod is
perfectly PLUMB (vertical) at the time of the
reading. If the rod is out of plumb, the reading
will be greater than the actual vertical distance
between the H.I. and the base of the rod. On a
windy day, the rodman may have difficulty
holding the rod plumb. In this case, the levelman
can have the rodman wave the rod back and
forth allowing the levelman to read the lowest

-
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engineer’s level

reading touched on the

crosshairs.

The use of 2 ROD LEVEL insures a vertical
rod. A BULL'S-EYE rod level is shown in figure
6-17. When it is held as shown (on a part of the
rod where readings are not being taken, to avold
interference with the instrumentman’s view of
the scale), and the bubble is centered, the rod is
plumb. A VIAL rod level has two spirit vials,
each of which is mounted on the upper edge of
one of a pair of hinged metal LEA VES. The vial
level is used like the bull’s-eye level, except that
two bubbles must be watched instead of one.

Care of Leveling Rods

A leveling rod is a precision instrument and
must be treated as such. Most rods are made of
carefully selected, kiin-dried, well-seasoned
hardwood. Scale graduations and numerals on
some are painted directly on the wood; on most
rods, however, they are painted on a metal strip
attached to the wood. Unless a rod is handled at
all times with greal care, the painted scale will
soon become scratched, dented, wom, or
otherwise marked and obscured. Accurate
readings on a scale in this condition are difficult.

4

=R

Figura 6-17.—Bull’s-oye rod laval.

Allowing an extended sliding-section rod to
close *on the run,” by permitting the upper
section to drop, may jar the vemier scale out of
position or otherwise injure the rod. Always
close an extended rod by easing the upper
section down gradually.

A rod will read accurately only if it is
perfectly straight. It follows that anything which
might bend or warp the rod must be avoided. Do
not lay a rod down flat unless it is supported
throughout, and never use a rod for a seat; a
lever, or a pole vault. In short, never use a rod
for any purpose except the one for which it is
designed.

Store a rod not in use in a DRY place to
avoid warping and swelling caused by dampness.
Always wipe off a wet rod before putting it
away. If there is dirt on the rod, RINSE it off,
but do not SCRUB it off. 'f a soap solution
must be used (to remove grease, for example),
make it a very mild one. The u-e of a strong
soap solution will soon cause the paint on the
rod to degenerate.

Protect & rod as much as possible against
prolonged exposure to strong sunlight. Such
exposure causes paint to CHALK —meaning to
degenerate into a chalk-like substance which
flakes from the surface.

FIELD NOTES
©

It is not often that you will be required to
keep FIELD NOTES; however, if you had to
make the level run illustrated in figure 6-8, you
should keep a record in a FIELD NOTEBOOK
similar to that shown in figure 6-18. The
left-hand page shown is called the DATA page,
the right-hand page, the REMARKS page. On
the data page there are, from left to right,
columns headed Sta. (for station), B.S. (for
backsight), H.I. (for height of instrument), F.S.
(for foresight), and Elev. (for elevation). The
first entry under Sta. is the starting point or the
bench mark, entered as B.M. 1. Beside this
entry, under Elev. is the bench mark elevation of
100.00 ft. The first B.S. reading on the rod held
on the B.M. is 12.02, as entered beside B.M. 1 in
the column headed B.S. The H.I. of
100.00 + 12.02, or 112.02, is entered under H.I.
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Figure 6-18.—Field notes for ditferential leveling.

The first tuming point, T.P. 1, is entered in
the Sta. column below BM. 1. The foresight
(F.S.) on that T.P., which read 2.06 ft, is
entered in the F.S. column, and the elevation of
the T.P., computed by subtracting the F.S. of
2.06 ft from the H.L. of 112,02 1t, is entered
(109.96 ft) in the column headed “Elev.” You
can s¢e how the notes follow through to the
summit elevation of 127.17 ft.

Note the check on the mathematics. This
check is based on the fact that the difference
between the sum of the foresight readings and
the sum of the backsight readings should equal

»

the difference between the starting B.M.
elevation and the summit elevation. The sum of
the B.S, readings is 35.87 ft; the sum of the F.S,
readings is 8.70ft; and the difference is
35.87-8.70, or 27.17ft. The difference
between the starting B.M. elevation and the
summit elevation is 127.17 - 100.0Q, or 27.17 ft.
Therefore, the check on the mathematics is
satisfactory.

As 2 check on the precision with which the
work was done, the line of levels was min back
again from the summit to the B.M. As vou can
see, this resulted in an elevation for the B.M.
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whicl js 0.02 ft higher than its actual elevation.
Whether or not this discrepancy wouid be
considered too large would depend on the order
of precision required in the jevel run. For most
preliminary Builder leveling purposes, it would
probably be considered satisfactory.

ERRORS AND MISTAKES
IN LEVELING

You might think that an error and a mistake
are much the satae thing; however, in surveyor's
technical terminology there is a distinction. An
error. in the technical sense, is an inaccuracy
caused by Dbuiltdin circumstances, while a
mistake s, simply, a ‘“boner,” such as
subtracting a B.S. reading from, instead of
adding it to a B.M. elevation to determine the
HLLL

An INSTRUMENTAL error is one caused by
an imperfection. maladjustment, or malfuncticn
in the instrument used. A rod, for example,
which indicated 5.00ft when it was actually
measuring only 4.99ft would contain an
mstrumental err~r. Similarly, a level on which
the bubble in the vial centered when the
telescope was not actually level would contain
an instrumen tal efror. The errcrin the rod could
not be eliminated; it would have to be
compensated fo-, by applying a correction to
every reading taken on the rod. Fortunately,
rods seldom contain significant instrumental
errors, and for the purposes for which a Builder
is usually using 2 rod, you may assume the rod
to be free of error. Similarly, the level you use is
checked periodically by an EA or Instrument-
man for proper level adjustment.

PERSONAL errors exist as a result of
natural limitations on the powers of the human
senses. When, for example, you aline, by eye,
the horizontal crosshair in a level telescope with
a point on a dis:ant rod, your aline ment is never
absolutely exa:.. You must reduce personal
errors fo a minizaum by eare and practice.

The commonest personal emror in leveling
occurs as a resu*t of holding the level rod out of
plumb Other common personal errors are as
follows:

Failure to cinter the bubble in the level tube
vial exacily when the instrument is being
leveled.

Failure to bring the image of the crosshair
and/or image of the rod into lear focus. If these
images are out of focus, the reading cannot be
made with exaciness.

Failure, in target reading, to clamp the target
or the upper section of rod securely before
making the reading, so that the target or upper
section of rod changes position :'ightly before
the reading is made.

Most personal errors can be reduced, but
they cannot be eliminated entirely. Mistakes,
however, can and must be avoided. Common
mistakes made in leveling are:

Sctting the rod on the wrong B.M. or T.P.,
or on a point mistaken for a BM, or T.P.

Misreading the rod.

Reconding readings incorrectly, such as
recording the right figures in the wrong column
or the wrong figures in the right one.

Incorrect computing. This includes, besides
all the common types of arithmetical mistakes,
the common mistakes of subtracting instead of
adding the B.S. or adding instead of subtracting
a F.S. Te avoid this, it is 4 good idea to develop
the habit of calling a B.S. 4 “'plus-sight’ and a
F.S. a “minus-sight.”’

GRADING

The term GRADE is used in several different
senses in construction. In one sense it refers to
the steepness of a siope, a slope, for example,
which rises 3 vertical ft for every 100 horizontal
ft has a grade of 3 percent. Although the term
“grade’” is commonly used in this sense, the
more accurate term for indicating steepness of
siope is GRADIENT.

In another sense, the term “‘grade” simply
means surface. On a wall section, for example,
the line which indicates the ground surface level
outside the building is marked GRADE or
GRADE LINE.

The elevation of a surface at a particular
point is a GRADE ELEVATION. A grade
elevation may refer to an existing, natural earth
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surface or a hub or stake used as a reference
point, in which case the elevation is that of
EXISTING GRADE or EXISTING GROUND;,
or it may refer t0 a proposed surface to be
created artificiaily, in which case the elevation is
that of PRESCRIBED GRADE, PLAN GRADE,
ot FINISHED GRADE.

Grade elevations of the surface area around a
structure are indicated on the plot plan. Because
a natural earth surface is usually irregular in
contour, existing grade elevations on such a
surface are indicated by CONTOUR LINES on
the plot plan—that is, by lines which indicate
points of equal elevation on the ground.
Contour lines which indicate existing grade are
usuaily made dotted; however, existing contour
lines on maps are sometimes represented by
SOLID LINES. If the prescribed surface to be
created artificially will be other than a
horizontal-plane surface, prescribed grade
elevations will be indicated on the plot plan by
solid contour lines.

On a level. horizontal-plane surface, the
elevation is the same at all points. Grade
elevation of a surface of this kind cannot be
indicated by contour lines, because each contour
line indicates an elevation diffevent from that of
gach other contour line. Therefore, a prescribed
level surface area, to be artificially created, is
indicated on the plot plan by outlining the area
and inscribing inside the outline the prescribed
elevation, such’ as “First Floor Elevation
127.50 ft.”

BUILDING LAYOUT

Before foundation and footing excavation
for a building can begin, the building lines must
be laid out to determine the boundaries of the
excavations. Points shown on the plot plan, such
as building corners are located at the site from a
system of HORIZONTAL CONTROL points
established by the battalion EA’s. This system
consists of a framework of stakes, driven pipes,
or other markers, located at points of known
horizontal location. A point in the structure,
such as a building comer, is located on the
ground by reference to one or more nearby
horizontal controf points.
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We cannot describe here all the methods of
locating a point with reference to a horizontal
control point of & known horizontal location.
We will take as an illustrative example the
situation shown in figure 6-19. This figure shows
two horizontal control points, consisting of
MONUMENTS A and B. The term “monu-
ment,” incidentally, doesn’t necessarily mean an
elaborate stone or concrete structure. In struc-
tural horizontal control, it simply means any
relatively permanently located object, either ar-
tificial, such as a driven length of pipe or natural,
such as a tree, of known horizontal location.

In figure 6-19 the straighi line from Ato B is
a control BASE LINE, from which the building
comers of the structure .an be located. Comer
E, for example, can be located by first
measuring 15 ft along the base line from ‘A to
locate point C, then measuring off 35 ft on CE,
lad off at 90° to (that is, perpendicular to) AB.
By extending CE another 20 ft, you can locate
building comer F. Comers G and H can be
similarly located along a perpendicular rua from

MONUMENY

117.40
Figure 6-19.— Locating huilding corners.
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point D, which is itseif located by measunng
55 ft along the base line from A,

PERPENDICULAR BY
PYTHAGOREAN THEOREM

The easiest and most accurate to locate
points on a line or to turn a given angle, such as
90> from one line to another is by the use of a
surveying instrument called a TRANSIT.
However, if you do not have a transit, you can
locate the comer points by tape measurements
by applying the Pythagorean theorem. First
stretch a cord from monument A to monument
B, and locate points C and D by tape
measurenients from A, Now, if you examine
figure 6-19, you will observe that straight lines
connecting points C, D, and E would form a
right triangle with one side 40t long and the
adjacent side 35 ft long. By the Pythagorean
theorem, the length of the hypotenuse of this
triangle (the line ED)} would equal the square
root of 35% +40%, which is about 53.1ft.
Because the figure EGCD is a rectangle, the
diagonals both ways (ED and CG) are equal;
therefore, the line from C to G should also
measure 53.1 ft. If you have one person hold the
53.1-ft mark of a tape on D, have another hold
the 35-ft mark of another tapeon C, and have a
third person walk away with the joined 0-ft
ends, when the tapes come taut the jointed 0-ft
ends will lie on the correctlocation for point E,
The same procedure, but this time with the
53.1-ft length of tape running from C and the
35-ft length runring from D, will locate comer
point G. Commer points F and H can be located
by the same process. or by extending CE and
DG 20 ft.

PERPENDICULAR BY
3:4:5 TRIANGLE

If you would rather avoid the square root
calculations required in the Pythagorean
theorem method, you can apply the basic fact
that any triangle with cides in the proportions of
3:4:5 is a right triangle. In locating poinit E, you
know that this point lies 35 ft from C on a line
perpendicular to the base line. You also know
that a triangle with sides 30and 40 ft long and a
hypotenuse 50 ft long is a right triangle.

To get the 40-ft side, you would measure off
40 ft from C along the base line; in figure 6-19,
the segment from C to D happens to measure
40 ft. Now if you run a 50-ft tape from D and a
30t tape from C, the joined ends will lie on a
line perpendicular from the base line, 30 ft from
C. Dnve a hub at this point, and extend the line
to E (5 more ft) by stretching a cord from C
across the mark on the hub.

BATTER BOARDS .

Hubs dnven at the exact locations of
building comers will be disturbed as soon as the
excavation for the foundation begins. To
preserve the comer locations, and also to
provide a reference for measurement down to
the prescribed elevations, BATTER BOARDS
are erected, as shown in figure 6-20.

. OUTSIDE DF
=~ BUILDING
LiNES

A S|

" BATTER BOARDS
3' 10 4 FrROM
BUILDING L INES

BUILDING LINES '
REPRESERTED PLUMB JOWN TD LDCATE
CORNER DF FOUNDATIDK

BY CORDS

117.41

Figure 6-20.—Bstter boards.
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Each pair of boards is nailed to three 2 by 4
corner stakes, as shown. The stakes are driven
far enough outside the building lines so that
they will not be disturbed during excavating.
The top edges of the boards are located at a
specific elevation, usually some convenient
number of whole ft above a significant
prescribed elevation such as that of the top of
the foundation. Cords located directly over the
lines through comer hubs, placed by holding
plumb bobs on the hubs, are nailed to the batter
boards. Figure 6-20 shows how a comer point
can be located in the excavation by dropping a
plumb bob from the point of intersection
between two conds.

In addition to their function in horizontal
control, batter boards are also used for vertical
control. The top edge of a batter board is placed
at a specific elevation. Elevations of features in
the structure. such as foundations and flooss,
may be located by measuring downward or
upward from the cords stretched between the
batter boards.

You should always make sure that you have
complete information as to exactly what lines
and elevations ar¢ indicated by the batter
boards.

It should be emphasized to your
c¢rewrnembers to exercise extreme caution while
working around batter boards. If they are
damaged or moved additional work will be
required to replace them and to relocate
reference points,

CLEARING PRIOR
TO EXCAVATION

During clearing operations, appropriate
protective equipment, such as hard hats, goggles,
and safety shoes Or boots must be worn by
workers at all times for protection against
injuries in zll kinds of weather and under all
conditions. Protective equipment, such as
carrying cases and saeaths, should be used at all
times for sharp-edged tools. Ample working
space should be given for persons using axes,
machetes or other sharp-edged tools in hacking

and clearing underbrush, such as vines and small
trees. All people should stand clear of all moving
machinery. When operations are conducted at
night, adequate illumination must be provided
either in the form of floodlights (trailer-
mounted) or by general lighting of the work area.

All trees in the area should be thoroughly
inspected for quality before felling. They should
be inspected for rot, hollow cores, dead or
entangled limbs or other factors which might
present a hazard in felling. Trees which could
possibly present a hazard should be felled under
the supervision of the project supervisor. These
trees are never felled with a power chain saw.

People engaged in felling trees should look
over the areaz carefully before starting, and
mentally note the existing avenues of escape. In
particular, operators of chain saws must be
cautious whep felling trees. All trees must be
properly undercut before felling, with a deep
“V* grooved notch on the side in the direction
the tree is to fall. A Joud waming call,
“TIMBER,” must be given at the time of the
felling to wamn all persons in the danger area.
Except in an emergency, working in or on frees
during high winds is prohibited and then only
under direct supervision. Before felled trees are
trimmed, they should be properly secured from
rolling by chocking or other means to prevent
them from rolling.

BURNING

Buming operations must be kept under strict
control and not left urittended. They must
always be conducted in the clear, where the fire
will not igrite leaves, dry wooded areas, or
nearby buildings. Crewmembers should not
stand in the smoke. Finng, punching, and
placing of material for buming should be done
from the windward side. This is especially
important when poison 62k, poison sumac, or
poison ivy is being bumed. Crewmembers should
never use flammable liquids on piles of material
which are buming or smoldering. All bumning or
smoldering matetial must be completely
extinguished before the crew leaves the scene.
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POISONOUS PLANTS

When handling poisonous planis, crew-
members should always wear heavy gloves
anc¢ clothing. Persons who comein contact with
polson ivy, poison oak, or sumac, should swab
the skin with alcohol and then, scrub it with
laundry soap and water. A brush or rough cloth
is not used because it might irritate the skin and
increase the danger of poisoning. The clothing
worn by these persons should be cleaned daily.
When personnel are buming poisonous vines, it
is important that they keep away from the
smoke to avoid inhalation of poisonous fumes.
Also, they should consult a medical officer if
infection develops after contact with poisonous
plants. Self-medication with poisonous plant
immunization or desensitization extracts should
never be undertaken. Persons who are extremely
sensitive 10 these poisons should be transferred
to other jobs.

SAFETY

Where applicable, Federal, state, or local
codes, rules, regulations, and ordinances
governing any and all phases of excavation work
should be observed at all times.

Every effort should be made before
excavating to determine whether or not sewers,
utility lines, fuel tanks, and the like have been
installed in the area. If so, they should be
located from blueprints, when available, or by
careful probing ard digging. When uncovered,
lines should, be properly supported and
protected. Before excavation is started, trees,
boulders, and other surface obstructions that
create a hazard at any time during operations
must be removed. :

If the stability of adjoining buildings or walls
is endangered by excavations, necessary shorng,
bracing, or underpinning must »e provided to
insure their stability, Such shcring, bracing or
underpinning should be frequently inspected by
a competent person and the protection
effectively maintained. If it is necessary to
operate or place power shovels, derricks, trucks,
matenial, or other heavy objects on a level above
and near an excavation, the side of the
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excavation must be sheet-piled, shored, and
braced as necessary to resist the extra pressure.
Wherever any side of an excavation is a masonry
wall, the wall should be braced to insure
stability. Reinforced concrete walls known to be
of ample strength do not require bracing.
Temporary sheet piling which has been installed
to pertait the construction of a retaining wall
must not be removed until the wall has acquired
fuil strength.

Except in hard rock, excavations below the
leve] of the base or footing of any foundation or
retaining wall should not be permitted unless the
wail is underpinned and all other precautions
taken to insure the stability of the adjacent walis
for the protection of the crewmembers.
Undercutting of earth banks should not be
permitted unless they are adequately shored.
Excavations sP -uld be inspected after every rain,
storm or other nazard-increasing occurrence, and
any protection against slides and cave-ins
increased if necessary. All fixed-in-place ladders
and stairways giving access to levels 20 or more
ft apart should be provided with landing
platforms at vertical intervais of not more than
20ft. Every landing platform should be
equipped with standard railings and toeboards.

Particular attention should be given to
shoring of trenches, especially if there are
roadways or railroad lines in the vicinity of the
excavation or if personnel are to work in the
trench. in the fohowing paragrapns, provisions
for shonng and bracing of excavations should
apply, except when the full depth of the
excavation is in stable solid rock, hard slag, or
hard shale, or the shoring plan has been designed
by the engineering office.

The sides of excavations 4 ft or more in
depth or in which the soil is so unstable that it is
not considered safe even at lesser depths should
be supported by substantial and adequate sheet
piling, bracing, shoring, etc. or the sides sloped
to the angle of repose. Surface areas adjacent to
the sides should be well drained. Trenches in
partly saturated, filled, or unstable soils, should
be suitably braced.

Excavated or other material must not be
stored closer than 2 ft from the edge of a trench.
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In the case of extremely deep tienches, material
should be stored farther away than 2 ft. The safe
,storage distance is in proportion to the depth of
the trench; the deeper the trench the farther
away the material should be stored. Where both
pedestrian and vehicular traffic are to be
maintained over or adjacent to excavations,
proper safeguards should be provided, such as
walkways, bridges, guardrails, barricades,
wammning flags and lights,

Where an excavation is close to a cut,
particularly when nearer to the cut than its
depth, special shofing should be used. Persons
working in deep trenches should wear hardhats
as a protection against falling matesial. Access to
excavations over 5 ft deep should be by ramps,
ladders, stairways, or hoists. Crewmembers
should not jump into the trench nor use the
bracing as a stairway.

No tools, /natetials, or debris should be ieft
on walkways, ramps, struts, Or pear the edge of
an excavation. Such material might be knocked
off or cause persons to lose their footing.
Personnel working in trenches with picks and
shovels must keep sufficient distance apart 30
they cannot injure each other with their tools.

Extra care should be used in excavating
around gas mains, oil tanks, gasoline or oil pipe
lines, etc. Smoking or open fires of any kind are
prohibited in places where gaseous conditions
are suspected. The air should be tested in such
places and, if gas is present, ventilation should
be provided by portable blowers or other
satisfactory methods.

EXCAVATING

Generally speaking, grading means, the
earthmoving required to create a surface of
desired grade elevation at and adjacent to the
place where a structure will be erected. After
this has been accomplished, further earthmoving
is usually required. If the structure is to have a
below-grade basement, earth lying within the
building lings must be removed down 10 the
prescribed finished basement floor elevation,
plus the thickness of the basement floor paving
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and subfill. After this earth is rsmoved, further
earth may have to be removed for fcotings
under the foundation walls. This type of
earth-removal is generally knoam as EXCA-
VATING.

To estimate the cabic yards of earth that
you may have to remove for a basement,
foundation, or footing, simply multiply the
fength by the width by the depth. Should the
depth vary because the ground raises and falls,
use an average of the depths at the four corners
of the excavation or at other points where the
depth may vary. For example, if the excavation
is to be 24 ft wide by 36 ft long and is to be on
a slope where the depths at the corners are 3 ft,
35, Sft, and 3 ft; add the four corners
tog‘ethe'r and'ther: divide by 4. This gives you
e, 213323 28 193 _ 49
depth to be excavated. Therefore, 36 ft by 24 ft
by 4.9 ft equa's 4234 cu ft. You then divide
4234 cuft by 27 cuft to obtain 157 cuyd of
material to be excavated.

average

If the excavation is to be extremely long, it
may be necessary to divide the excavation into
smaller sections and figure the cu yd for each
section separately.

DIMENSIONS OF EXCAVATIONS

The dimensions of cellar or basement
excavations are given in the specifications which
usvally have something like the following:

Excavations shall extend 2' 0’ outside of all
basement wall planes anuy t0 9’ beluw finished
planes of basement {loor levels.

The 2ft space is the customary allowance
made for working space.outside the foundation
walls. I+ must be backfilled after the foundations
have set. The 9in. below finished planes of
basement floor levels is the usual allowance for
basement floor thickness, usually about 3in.,
plus the thickness of the cinder <r other fill
placed under the basement floor, usually about
6 inches.

The actual depth below grade to which a
basesnent excavation must be carried is
determtined by the study of a wall section, ke
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the one shown in figure 6-21. This section shows
that the depth of the basement excavation
would in this case equal 8 ft Qin., the vertical
distance between the basement and the first
floor finished planes, minus 1 ft 6in. (vertical
distance between the surface ade and the first
floor finished plane}, plus 9in. (3 in. paverent
floor plus 6 in, cinder fill), or a total of 7 ft 3 in.
below surface grade.

The top of the footing comes level with the
top of the 6-in. cinder fill. However, the footing
is 2in. deeper than the fill. Therefore, the
footing excavation should be carried 2 in. lower
than the basement floor elevation orto 7 ft 5 in.
below grade.

If a specific elevation were prescribed for the
finished floor line, then the baser~ent floor and
footing excavation would be carried down to the
corresponding elevation, without teference to
surface grade. Suppose, for example, that the

FISHED FIRST FLOOR LHE

]

BASERENT FLOOR
THICKKESS 3%

Lj

117.42
Figure 6-21,-Wall saction, showing excavation depth
dmt

Ld
QASEMENT FLOOR
LINE
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specified elevation for the finished first floor
line were 163.50 ft. Obviously, the elevation to
which the basement fleor .leva‘.on would be
carriet would te 163.50-(8 ft + 3 in. + 6 in.), ot
163.50-(8 ft+ 0.25 ft + 0.50 ft), or 154.75 ft.
The elevatior 10 which t"e footing excavation
would be cirried would be 163.50 ft -8 ft +
0.25ft +0.67 ft}, or 154.5C ft. Suppose the
batter board cords were at an elevation of
165.00 fi. Then the vertical distance from the
cords to the bottom of the basement floor
excavation would be 165.00ft-154.75 ft, or
10.25ft, or 10ft 3in. The verticul distance
from the cords to the bottom of the footing
excavation would be 165.00-154.58, or
1Q.42 ft, or 191t 5 inches.

Excavations should never be carried below
the proper depths. If a basement floor et footing
excavation is by mischance so carried, the error
should not ordinarily be sorrected by refilling. It
is almost imrossible to attain the necessary
load-bearing density by comoacting the refill
unless spectal, carefully controtied procedures
are used. For a basement {loor excavation, a
relatively small eiror should o€ comrected by
increasing the vertical dimension of the subfloor
fill by the amount of the error. For a footing
excavation, the error should be corrected by
increasing the vertical dimension of the footing
by the amount ¢of the error. Both of these
corrections mean additional and unnecessary
expense for the extra matenal and added labor
costs.

PREVENTION OF SLIDES
AND CAVE-INS

When your woik involres excavation, these
are definite precautions what you should observe
to preventaccidents.

To avoid slides ©r cave-ins, the sides of
excavations 4ft or more in depth should be
supported by substanticl and adequate
sheathing, sheet pilins, bracing, shoring, etc., ¢r
the sides sloped to the argle ol repose. The angle
of repose is the angle, measured from the
horizontal, of the natural slope of the side of a
pile of granular matsrial formed by pouring
grains of particles through a funnel, practically
without impact. The angle of rep= ¢ varies with

3
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the moisture content and the type of earth or
other material. For ordinary earth, the angle of
repose varies from about 20 to 45 degrees,
corresponding to slopes of from about 2.8:1 to
1:1. The sides of an excavation do not consist of
poured particles, however; many types of earth,
because of their cohesive qualities, will stand
vertically without failure. But because of the
nonuniformity of most soils, the times and
places of local and intermittent cave-ins and
slides cannot ofdinarily be predicted. Therefore,
it is conservative and safe to require laying the
bank back to the angle of repise or the natural
slope of the material being excavated.

It is seldom practical to slope the sides of
foundation and footing excavations to the angle
of repose. Therefore, any such cxcavation 4 ft
deep or more must be supported as specified.
Many people wonder about this, in view of the
fact that most adults are a good deal more than
4 ft tall. The reason lies in the fact that a person
needs to be buried ONLY TO CHEST LEVEL to
suffocate in a cave-in. The pressure against the

WALINE STRIPS
OR WALES

CORKER OETANL

chest makes breathing impossible, and if the
chest is not freed within a minute of two, the
person will suffocate, even though the head and
shoulders are out in the air. This is a terrible way
to die. and people die this way, somewhere in
the world, in an cxcavation which chouid have
been suported but which was not nea-ly every

day.
Shezthing

SHEATHING consists of wooden planks,
placed edge-to-edge, either horizontally or
vertically. Horizontal planking is used for
excavations with plane faces, vertical planking
when it is necessary to follow curved faces.
Sheathing is supported by longitudinal WALES
or RANGERS which are nailcd to the sheathing
and which bear against transverse SHORES or
BRACES.,

Sheathing must be progressively installed
and braced as every 4-ft stage of depth is
reached. Vertical and horizontal wood sheathing
are illustrated in figure 6-22.

YERTICAL
§ SHEATHING

HORIZONTAL

Figure 3-22.—Vartics! and horizontat sheathing.
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Wooden Sheet Piling

WOODEN SHEET PILING (fig. 6-23) is
driven before the excavation begins. Wooden
sheet piling consists of 2-, 3-, or 4-in. planks,

beveled at the lower end to facilitate penetration
of the soil. Also, the lower ends are cut at an
angle, as shown in View A, fig. 623, so as to
cause the edge of the pile being driven to bear
against the edge of the one previously driven.
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Figure §-23.-Wooden sheat piling.
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Obviously, care must be taken to place a pile
with this angle inclined in the proper direction.
The bevel on the jower end-edge, toormust face
toward the excavation. As a pile is driven, 1t
tends to slant off in the direction away from the
bevel. If the bevel is incorrectly turned away
from the excavation, the ¢xcavation will
progressively narrow, as shown in View E, fig.
6-23.
in WAKEFIELD sheet piling, each pile
consists Of three planks, bolted together with
the center plank offset for tongue-and-groove
joining, as shown in View B, {ig. 6-23.
To set wooden piles for driving, you first dig
" a shallow notch along the excavation line, wide
enough to admit the bottoms of the piles and
deep enough to hoid them upright. For

additional uptight support, lay pairs of wales
along the notch and stake them in position. If
the piles are too long to stand this way, the
wales must be braced in an elevated position.

In favorable soil, 2 2-in, sheet pile can be
driven to a depth of about 16 ft, a 3-in. sheet
pile to about 24 it, and a 4-in. sheet pile to
about 32 ft. When piles are too short to cover
full excavation depth, they are driven in stages
called SECTIONS, as shown in View D, fig.
6-23.

The removal of the material near the
foundations of a structure may threaten the
stability of the foundations. When this is a
possibility, temporary supports must be
provided before excavation reaches the
dangerous stage,
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CONCRETE

This
guidance
responsible for concrete construction using the

information and
engaged in or

provides
Builder

chapter
for the

natural resource. available. [t includes
information on materials, mix design,
production, placement, finishing, and curing
concrete.

«Information is given on the procedures used
in cutting, forming, placing, and typing
reinforcing steel for placement in concrete
footings, walls, columns, beams, and overhead
siab forms.

Information on the principles of operating
and maintaining concrete pumping machines is
also given in this chapter.

Safety precautions must be rigidly observed
in concrete operations, particularly in the
placement of concrete mix. Safety precautions
will be noted at various points, where applicable,
throughout the chapter,

CONCRETE CHARACTERJSTICS

CONCRETE is a synthetic construction ma-
terial made by mixing CEMENT, FINE AGGRE-
GATE {usually sand}, COARSE AGGREGATE
(usually gravel or crushed stone) and WATER
together in proper proportions. The product is
not concrete unless ali four of these ingredients
are present. A mixture of cement, sand, and
water, without coarse aggregale, is not concrete
but MORTAR or GROUT.

The fine and coarse aggregate in a concréte
mix are called the INERT ingredients; the

cement and water are the ACTIVE ingredients.
The inert ingredients and the cement are
thoroughly mixed together first. As soon as the
watzr is added, a chemical reaction between the
water and the cement begins, and it is this
reaction (which is called HYDRATION) that
causes the concrete to Larden.

Always remember that the hardening process
is caused by hydration of the cement by the
water, not by the DRYING QUT of the mix.
Instead of being dried out, the concrete must be
kept as moist as possible during the initial
hydration process. Drying out would cause a
drop in water content below the amount
required for satisfactory hydration of the
cement.

The fact that the hardening process has
nothing whatever to do with the drying out of
the concrete is clearly shown by the fact that
concrete will harden just as well under water as
it will in the air.

CONCRETE AS BUILDING MATERIAL

Concrete may be cast into bricks, blocks,
and other relatively small ouilding units which
are used in concrete MASONRY construction
which is covered in the next chapter. This
chapter is concerned with the concrete itself and
the casting of larger siructural components.

The proportion of concretc to other
materials used in building construction has
greatly increased in recent years, to the point
where large, multistory modern buildings are
constructed entirely of concrete, with concrets
footings, foundations, columns, walls, girders,
bearms, joists, floors, and roofs.
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STRENGTH OF CONCRETE

The COMPRESSIVE strength of concrete is
very high, but its TENSILE strength (meaning
its ability to resist stretching, bending, or
twisting} - is relatively low. Consequently,
concrete which must resist a good deal of
stretching, bending, or twisting such as concrete
in beams, girders, walls, columns, and the like
must be REINFORCED with steel. Concrete
which must resist compression only may not
require reinforcement. i

As will be seen later, the most important
factor controlling the strength of concrete is the
WATER-CEMENT RATIO, or the proportion of
water to cement in the mix,

DURABILITY OF CONCRETE

The DURABILITY of concrete means the
extent to which the material is capable of
resisting the deterioration caused by exposure to
service conditions. Ordinary structurai concrete
which is to be exposed to the elements must be
s watertight and weather resistant. Concrete
“which is subject to wear such as floor slabs and

pavements must be capable of resisting abrasion.

It has been found that the major factor
controlling durability is strength—in other
words, the stronger the concrete is, the more
durable it will be. As mentioned previously, the
chief factor controlling strength is the
water-cement ratio, but the character, size, and
grading (distribution of particle sizes between
the largest permissible coarse and the smallest
permissible fine} of the aggregate also have
important effects on both strength and
durabilily. When given a water-cement ratio
which will! produce maximum strength
consistent with workabilily requirements, the
maximum strength and durability will still not
be attained unless the sand and coarse aggregate
you use consist of well-graded, clean, hard, and
durable particles free from undesirable
substances. (See fig. 7-1.)

WATERTIGHTNESS

OF CONCF\E‘IE .
The i a.}\concrete mix would be one made

with justjhe amount of water required for
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complete hydration of the cement. This would
be a DRY mix, however, too stiff to pour in
forms. A mix which is fluid enough to be poured
in forms always contains a certain amount of
water over and above that which will combine
with the cement, and this water will eventually
evaporate, leaving voids or pores in the concrete.

Even so. penetration of the conciete by
water would still be impossible if these voids
were not inteiconnected, They are inter-
connected, however, as a result of a slight
sinking of solid particles in the mix during the
hardening period. As these particles sink, they
leave water-filled channels which become voids
when the water evaporates,

The larger and more numerous these voids
are, the more the watertightness of the concrete
will be impaired. Since the size and number of
the voids vary directly with the amount of water
used in excess of the amount required to
hydrate the cement, it follows that to keep the
concrete as watertight as possible, you must not
use motre water than the minimum amount
required fo attain the necessary degree of
workability,

GENERAL REQUIREMENTS
FOR GOOD CONCRETE

The first requirement for good concrete is,
of course, a supply of good cement of a type
suitable for the work at hand. Next is a supply
of satisfactory sand, coarse aggregate, and water,
Everything else being equal, the mix with the
best graded, strongest, best shaped, and cleanest
aggregate will make the strongest and mcst
durable concrete,

The amount of cement., sand, coarse
aggregate, and water required for each batch
must be carefully weighed or measnred in
accordance with NAVFAC Specifications,
TS-03300.

‘the best designed, best graded, and highesi-
quality mix ’n the world will not make good
concrete if it is not WORKABLE enough to filt
the form spaces thoroughly. On the other hand,
too much fluidity will result in certain defects.

K
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Improper handling during the whole concrete-
making process (from the initial aggregate
handling to the final placement of the mix) will
cause segregation of aggregate particles by sizes,
resulting in nonuniform, poor concrete.

Finally, the best designed, best graded,
highest quality, and best placed mix in the world
will not produce good concrete if it is not
properly CURED--meaning, properly protected
against loss of moisture during the earlier stages
of setting.

CONCRETE INGREDIENTS

The essential ingredients of concrete are
cement, aggregate, and water. A mixture of only
cement and water is called cement paste, but
such a mixture, in large quantities, is
prohibitively expensive for practical construc-
tion purposes.

CEMENT

Most cement used today is PORTLAND
cement, which is usually manufactured from
limestone mixed with shale, clay, or marl. The
properly proportioned raw materials are
pulverized and fed into kilns, where they are
heated to a temperature of 2700°F and
maintained at that temperature for a certain
time. As a result of certain chemical changes
produced by the heat, the material is
transformed into a clinker. The clinker is then
ground down so fine that it will pass through a
sieve containing 40,000 openings per square
inch.

Types

There are a number of types of portland
cement, of which the most common are typesl
through V and air-entrained.

References to cement ¢an be assumed to
mean “portiand cement,” which is the primary
type used in concrete. There are five common
types of portland cement in use today. The type
of construction, chemical type of the soil,
economy, and the regquirements for use of the
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finished concrete are factors which influence the
selection of the type of cement to be used. The
different types of cement are discussed below.

Type I (normal portiand cement) is used for
all general types of construction. It is used in
pavement and sidewalk construction, reinforced
concrete buildings and bridges, railways, tanks
reservoirs, sewers, culverts, water pipes, masonry
units, and soil-cement mixtures. In general, it is
used when concrete is not subject to special
sulfate hazard or where the heat generated by
the hydration of the cement will not cause an
objectionable rise in temperature.

Type I (modified portland c¢cement)} has a
lower heat of hydration than type I, and lower
heat generated by the hydration of the cement
improves resistance to sulfate attack. It is
intended for use in structures of considerable
size where cement of moderate heat of
hydration will tend to minimize temperature
rise, as in large piers, heavy abutments, and
heavy retaining walls,

In cold weather when the heat generated is
helpful, type | cement may be preferable for
these uses. Type Il cement is also intended for
places where an added precaution against suifate
attack is important, as in drainage structures
where the sulfate concentrations are higher than
normal, but not usuaily severe.

Type III (high-early-strength portland
cement) is used where high strengths are desired
at very early periods. It is used where it is
desired to remove forms as soon s possible, to
put the concrete in service as quickly as possible,
and in cold weather construction to reduce the
period of protection against low temperatures.
High strengths at early periods can be obtained
more satisfactorily and more economically using
high-early-strength cement rather than using
richer mixes of type I cement. Type IIl develops
strength at a2 faster rate than other t¥pPes of
cement, such as: 28-day strength for types I and
I, which is reached by typeIll in about 7 days,
and 7-day strength for types I and I, while type
I takes about 3 days.

Type IV (low-heat portland cement) is a
special cement for use where the amount and
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rate of heat generated must be kept o a
minimum. This type of cemont was first
developed for use on the Hoover Dam. It
develops strength at a slow rate and should be
cured and protected from freezing for at least 21
days. For this reason it is unsuitabie for
structures of ordinary dimensions, and is
available only on special order from 2
manu facturer.

Type V (sulfate-resistant portland cement) is
a cement intended for use only in structures
exposed to high alkali content. 1t has a slower
rate of hardening than normal portland cement.
The sulfates react chemically with the hydrated
lime and the hydrated calcium aluminate in the
cement paste. This reaction results in
considerable expansion and disruption of the
paste. Cements which have 3 low content of
calcium aluminaie have a great resistance to
sulfate attack. Thus, type V portland cement is
used exclusively for situations involving severe
sulfate concentrations.

_Air-entrained portland cement is a special
cement that can be used with good results for a
variety of conditions, It has been developed to
produce concrete that has a resistance to
freeze-thaw action «pd  scaling caused by
chemicals appled for severe frost and ice
rernoval. In this cement, very small quantities of
air-entraining matsnals are added as the clinker
is being ground during manufacturing. Concrete
made with this cement contains minute,
well-distributed and completely separated air
bubbles. The bubbles are so minute that it is
estimated that there are many millions of them
in a cubic foot of concrete. Air bubbles provide
space for water to expand duc to freczing,
without damage to the concrete. Air-entrained
concrete has been used in pavements in the
northern states for about 25 years with excellent
results, Air-entrained concrete also reduces the
amount of water loss and the capillary and
water-channel structure. This agent may be
added to types 1, II, and Il portland cement.
The manufacturer will specify the percentage of
airentrainment whic. can be expected in the
concrete. An advantage of using air-entrained
cement is that it can be used and batched like
normal cement.

Storage

Portland cement is packed in cloth or paper
sacks, each of which contains 94 1b of cement. A
94-1b sack of cement amounts to about 1 cu ft
by loose volume.

Cement will retain its quality indefinitely if
it does not come in contact with moisture. If it
is allowed tc absorb appreciable moisture in
storage, it will set more slowly and its strength
will be reduced. Sacked cement should be stored
in warehouses or sheds made as watertight and
airtight as possible. All cracks in roof and walls
should be closed, and there should be no
opening between walls and roof. The floor
should be above Bround to protect the cement
against dampness. All doors and wind~vs should
be kept closed.

Sacks should be stacked against each other
to prevent circulation of air between them, but
they should not be stacked against outside walls. ’
If stacks are to stand undisturbed for long
intervals, they should be covered with
tarpaulins.

When shed or warehouse storage cannot be
provided, sacks which must be stored in the
open should be stacked on raised platforms and
covered with waterproof tarps. The tarps should
extend beyond the edges of the platform so as
to deflect water away from the platform and the

cement.

Cement sacks which have been stacked in
storage for long periods sometimes acguire a
hardness called WAREHQUSE PACK. This can
usually be loosened up by rolling the sack
around. No cement should be used which has
lumps or is not free flowing.

AGGREGATE

The matenal which is combined with ceraent
and water to make concrete is called
AGGREGATE. Aggregatc helps to increase the
strength  of concrete while reducing the

7-5
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shrinking tendencies of the cement. Not only
does aggregate aid in the strength of concrete,
but it is also used as a filler for economical
purposes. The aggregate is divided into FINE
(usually consisting of sand) and COARSE. For
most ordinary building concrete, the coarse
aggregate usually consists of gravel or crushed
stone, running not more than about 1 1/2in. in
size. In massive structures like dams, however,
the coarse aggregate may include natural stones
or rocks ranging up to 6 in. or more ir size.

What might be called the fundamental
structural mechanics of a concrete mix are about
as follows. The large, solid coarse aggregate
particles form the basic structural members of
the concrete. The voids between the larger
coarse aggregate particles are filled by smaller
particles, and the voids between the smaller
particles are filled by still smaller particles, until
finally the voids between the smallest coarse
aggregate particles are filled by the largest fine
aggregate particles. In tum, the voids between
the largest fine aggregate particles are filled by
smaller fine aggregate particles, the voids
between the smaller fine aggregate particles by
still smaller particles, and 50 on. You can see
from this that the better the aggregate is
GRADED (that is, the better the distribution of
particle sizes), the more solidly all voids will be
filled, and the denser and stronger will be the
concrete.

The cement and water forms a paste which
binds “the aggregate particles solidly together
when it hardens, In a well graded, well
designed, and well-mixed batch, each aggregate
particle s thoroughly coated with the
cement-water paste, so that each particle is
solidly bound to adjacent particles when the
cemen t-water paste hardens.

The existing GRADATION, or distribution
of particle sizes from coarse to fine, in a supply
of fine or coarse aggregate is determined by
extracting a representative sample of the
material, screening the sample through a series
of sieves ranging in size from coarse to fine, and
determining the percentage of the total sample
which is retained on the fine aggrepate sieve, or
which passes the coarse aggregate sieve. This
procedure is called making a SIEVE ANALYSIS.
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The size of a fine aggregate sieve is
designated by a number which corresponds to
the number of meshes to the linear inch that the
sieve contains. Obviously, then, the higher the
number, the finer the sieve. Any material
retained on the No. 4 sieve is considered coarse
aggregate, and any material wluch will pass the
No. 200 sieve is too fine to be used in the
making of concrete. When an analysis reveals the
presence of a substantial percentage of material
which will pass the No. 200, the aggregate must
be washed before being used.

The finest coarse-aggregate sieve is the same
No. 4 used as the coarsest fine-aggregate sieve.
With this exception, a coarse-aggregate sieve is
designated by the size of one of its openings.
The sieves commonly used are 1 1/2 in., 3/4in.,
1/2in., 3/8 in., and No. 4.

Exoerience and experiments have shown
that for ordinary building concrete, certain
particle distributions seem consistently to
produce the best results. For fine aggregate, the
recommended distribution of pariicle sizes from
No. 4 to No. 100 is shown in table 7-1.

The percentages given are CUMULATIVE,
meaning that each is a percentage of the TOTAL
SAMPLE, not of the amount remaining on a
particular sieve. For example: suppose the total
sample weighs 11b. Place this on the No. 4
sieve, and shake the sieve until nothing more will

Table 7-1.—Recommended Distribution of Particle Sizes

—~ - ]

Percert retained Ot square

Steve Number mesh laboratory steves

3/8" 0
No. 4 18
No. 8 2
No. 18 20
No. 30 20
No. 50 10
No. 100 4

117.178
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go through. If what is left on the sieve weighs
0.05 b, then 5 percent of the total sample was
retained on the No. 4 sieve. Place what passed
through on the No. 8 sieve and shake it. Suppose
you find that what stays on the sieve weighs
0.11b. Since 0.11b is 10 percent of !1b, it
follows that 10 percent of the total sample was
retained on the No. 8 sieve.

The nominal size of coarse ageregate to be
used is usually specified as a range be*~sen a
minimum and a maximum size. For ¢ .ample
2in. to No. 4, 1 in. to No. 4, 2in. to | in.,and
so0 on. The rmecommended particle size
distributions vary with maximum and minimum
nominal size limits, as shown in table 7-2.

A blank space in table 7-2 indicates a sieve
which is not required in the indicated analysis.
For example: for the 2-in. to No. 4 nominal size,
there are no values listed under the 4-in., the
3 1/2-in., and the 3-n. sieves. The reason for this
is that since 100 percent of this material should
pass a 2 1/2-n. sieve, the use of sieves coarser
than 2 !/2in. is superfluous. For the same size
designation, there are no values listed under the
1 1/2-in., the 3/4-in., and the 3/8-in. sieves. This
is because experience has shown that it is not
necessary to use these sieves in making this
particular analysis.

Tabla 7-2.—Recommonded Maximum and Minimum Particle Sizes

Note that when you are analyzing coarse
agpregate, you determnine the percentage of
material which PASSES a sieve, not the
percentage which is retained on a sieve.

Quality Criteria

Since from 66 to 78 percent of the volume
of the finished concrete consists of aggregate, it
is imperative that the aggregate measure up to
certain minimum quality standards. It should
consist of clean, hard, strong, durable particies
which are free of any chemicals which might
interfere with hydration, and of any superfine
material which might prevent bond between the
aggregate and the cement-water paste. The
undesirable substances most frequently found in
aggregate are dirt, silt, clay, coal, mica, salts, and
organic matter. Most of these can be removed by
washing.

Ageregate may be field tested for an excess
of silt, ¢lay, and the like, as follows: fill a quart
jar with the aggregate tc a depth of 2 in.; add
water until the jar is about three-fourths full;
shake the jar for 1 minute; and allow it to stand
for | hour. If at the end of that time more than
1/8in. of sediment has settled on the top of the

Percentages by weight passing laboratory sieves having square openings

aggre-
gate, {4- | 31/2 (3 [21/2 2- 11/2 i~ 3/4 1/2 3/8 | No.
inches { in. | fn. in. |in. in. in. in. in. 1n. mn. 4

1.5 - | -- - |- 100
100 95-100
80-100

45-80

95-100 | -- 35-70 -- 10-30f 0-5

- 35-70 | -~ 10-30 11 0-5

—————— e
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133.248
Figure 7-2.—Quart-far method of detsrmining silt content
of send.

aggregate, as shown in figure 7-2, the material
should be washed. An easily constructed rg for
washing a small amount of aggregate is shown in
figure 7-3.

Weak, (riable (easily pulverized), or
laminated (containing layers) aggregate particles

" METAL STRAP TO
F’ FASTEN SCREEN

16 MESH SCREEN

PLAN OF SCREEN
SHOWING CLEATS

are undesirable. Shale, stones laminated with
shale, and most varieties of chert (impure
flintlike rock) are especially to be avoided. For
most ordinary concrete work, visual inspection
is enough to reveal any weaknesses in the coarse -
aggregate. For work in which aggregate strength
and durability is of vital importance, such as
paving concrete, aggregate must be laboratory
tested.

Handling and Storage

A mass of aggregate containing particles of
different sizes has a natural tendency toward
SEGREGATION, meaning that particles of the
same size tend to gather together whenever the
material is being loaded, transported, or
otherwise disturbed. Aggregate should always be
handled and stored by a method which will
minimize segregation.

Stockpiles should not be built up in cone
shapes, made by dropping successive loads at the
same spot. This procedure causes larger
aggregate particles to segregate and roll down
the sides, leaving the pile with 8 preponderance
of fine at the top and a preponderance of coarse
at the bottom. A pile should be built up in

GARDEN
HOSE

TROUGH To DRAIH
QFF DIRTY WATER

BOAROD

PLATFQRNX -
1S

; b3 AN ramaserarity

P TR T R

= Fe b f s S e T, sty

[
e

Figure 7-3.—Field-constructed rig for washing apgregate.
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~ layers, each made by dumping successive loads
alongside each other,

If aggregate is dropped in a free fall from a
clamshell, bucket, or conveyor, some ol the fine
material may be blown aside, causing a
segregation of fines on the lee side of the pile.
Conveyors, clamshells, and buckets should be
discharged in contact with the pile.

The bottom of a storage bin should always
slope at least 50 degrees toward the central
outlet. If the slope is less than 50 degrees,
segregation will occur as the material is
aischarged. When a bin is being charged, the
material should be dropped from a point
directly over the outlet. Material chuted in at an
angle, or material discharged against the side of a
bin, will segregate. Since a long drop causes both
segregation and the breakage of aggregate
particles, the length of a drop into a bin should
be minimized by keeping the bin as full as
possible at all times,

WATER

The principal function of the water in a
concrete mix is to bring about the hardening of
the concrete through hydration of the cernent.
Another essential function is o . 1ake the mix
workable enough to satisfy the requirements of
the job at hand. To attain this result, a mix
which is to be poured in forms must contain
additional water over and above the amount
required for complete hydration of the cement.
Too much water will cause a loss of strength by
upsetting the water-cement ratio. It will also
cause “water-gain” on the surface, a condition
which leaves a surface laver of we>k material
called LAITANCE. Also, as previously
mentioned, an excess of water will impair the
watertightness of the concrete.

Water used in mixing concrete must be clean
and fres from acids, alkalis, oils, and organic
materials. Most specifications recommend that
the water used in tnixing concrete be suitable for
drinking should such water be available.

Seawater can be used for mixing concrete
under c2rtain circumstances. An example of this
woulld b2 where there is a limited supply of

freshwater. Tests show that the compressive
strength of the concrete will be 10 to 30 percent
less than that obtained using freshwater. Most of
the adverse effects of using seawater can be
minimized by using a richer mix (additional
cement).

ADMIXTURES

Admixtures include ali materials other than
portland cement, water, and aggregates that are
added to concrete, mortar, or grout immediately
before or during mixing. Admixtures are
sometimes used in concrete mixtures to improve
certain qualities such as workability, strength,
durability, watertightness, and wear resistance.
They may also be added to reduce segregation,
and the heat of hydration, entrain air, and
accelerate or retard setting and hardening. The
same results can often be obtained by changing
the mix proportions or by selecting other
suitable materials without resorting to the use of
admixtures (except air-entraining admixtures
when necessary). Whenever possible, comparison
should be made between these alternatives to
determine which IS more economical andfor
convenient. Any admixture to be in concrete
should be added in accordance with current
specifications arJ under the direction of the
crew leader.

CONCRETE MIX DESIGN

The ingredient proportions to be used for
the concrete on @ particular job are usually set
forth in the specifications under “CONCRETE-
General requirements.”” A typical specification
of this type reads as follows:

See table 7-3 for examples of normal
concrete-mix design according to NAVFAC
specifications.

in this specification, one of the FORMULAS
for 3000 psi is 5.80 (bag of cement per cu yd),
233 1b of sand (per bag of cement), 2971b of
coarse aggregate {per bag of cement), and the
WATER-CEMENT RATIO is 6.75 gals water to
each bag of cement. These proportions are based
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Telile 7-3.—Normal Concrete
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G025 . 4000 895 5 50 100 181 - -
G031 4,000 B 40 5 50 55463 186 129
G035 4000 800 5 50 4158 178 i68
G071 4,000 745 5 50 4240 178 209
G-1 4,000 10 5 50 345 172 4T
G-15 4600 655 s %0 3341 175 99
G2 4,000 620 5 50 30-38 Nt 340
G235 4,000 600 s %0 2836 173 68
G35 4000 565 5 50 2604 176 411
Hao 25 5,000 1150 428 100 202 -
H-0 375 5000 10 §0 4] 5341 130 98
HO 5 5.000 LR 425 a3 53 128 126
Hao 15 5.000 265 425 4058 123 157
H1 5000 920 425 3543 19 186
K135 5000 B 45 428 9 122 128
H1 5000 £00 425 28-36 122 60
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Chapter 7-CONCRETE

upon the assumption that the inert ingredients
are in a SATURATED SURFACE-DRY
condition, meaning that they contain all the
water they are capable of absorbing, but no
additional FREE water over and above this
amount,

This is a condition which almost never exists
in the field. The amount of free water in the
coarse aggregate is usually small enough to be
ignored, but the ingredient proportions set forth
in the specs must almost always be adjusted to
allow for the existence of free water in the fine
aggregate. Furthermore, since free water in the
fine aggregate increases its measured volume or
weight over that of the sand itself, the specified
volume or weight of sand must be increased to
offset the volume or weight of the water in the
sand. Finally, the number of gallons of water
used per sack of cement must be reduced to
allow for the free water in the sand—~that is to
say, the amount of water actually added at the
mixer must be the specified amount per sack,
LESS the amount of free water which is already
in the ingredients in the mixer.

Except as otherwise specified in the project
specifications, concrete shall be proportioned by
weighing and shall ‘conform to NAVFAC
Specifications TS-03300. (See table 7-3 for
normal concrete.)

MATERIAL ESTIMATES

When tables, such as table 7-3 are not
avallable for determining quantities of material
required for 1 c¢n yd of concrete, the following
“rule of thumbd”’, known as rule 41 or 42 may be
used fo’ a rough estimation. This rule states that
it will take 41 or 42 cu ft of the combined dry
amounts of cement, sand, and aggregates to
produce I cu yd of mixed concrete.

A bag of cement contains 94 1b by weight or
about 1 ¢cu ft by loose volume. A batch formula
is usually based on the number of bags of
cement used in the mixing machine.

Rule 41 is used in calculating the gquantities
of matenal for concrete when the size of the
coarse aggregate isnot over ! in.

Rule 42 is used when the size of the coarse
aggregate is not over 2 1/2 in.

For estimating the amount of dry materials
needed to mix } cu yd of concrete, rule 41 or 42
worked in the same manner. For exampie, say
that the specifications called for a [:2°4 mix
with 2-in. coarse aggregates:

1+24+4=7

42 + 7 = 6 bags or 6 cu [t of cement.

6x 2= 12cuft of sand.
6 % 4 = 24 cu ft of coarse aggregates.

6+ 12 + 24 = 42, so your calculations have
been proven correct.

Frequently, it wil' be necessary to convert
volumes in cu ft to weights in 1b. In converting,
multiply the required cu ft of cement by 94
since [ cu ft or | standard bag of cement weighs
94 1b, When using rule 41 for coarse aggregates,
multiply the quantity of coarse gfavel in cu ft by
105 since the average weigiit of dry-compacted
fine aggregate or gravel is 105 1b per ~u ft. By
rule 42, however, multiply the cu ft of rock
(l-in.-size coarse uggregate) by 100 since the
average dry-compacted weight of this rock is
1001b per cu ft.

A handling-loss factor is added in ordering
materials for jobs. An additional 5 percent of
materials is edded for jobs requiring 200 or more
cu yd of concrete, and 10 percent is added for
smaller jobs. This loss factor is based on material
estimates after the requirements have been
calculated. Additional loss factors may be added
where conditions indicate the necessity for
excess've handling of materials before batching

MEASURING WATER

The water-measuring controls on a machine
concrete mixer will be described later in this
chaptel. Water measurement for handmixing
may be dorne with 2 14-qt bucket, marked off on
the inside in gallons, half-gallons, and quarter
gallons.
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NEVER add water to the mix without
measuring it carefully, and always remember
that the amount of water actually placed in the
mix varies according to the amount of free water
that is already in the aggregate. This means that
if the aggregate is wet by a rainstorm, the
proportion of water in the mix may have to be
changed.

MEASURING AGGREGATE

The accuracy of aggregate measurement by
volume depends upon the accuracy with which
the amount of the “bulking”, caused by
moisture in the aggregate, can be determined.
The amount of bulking vari¢s, not only with
different moisture contents, but also with
different gradations. Fine sand, for example, is
bulked more than coarse sand by the same
moisture content., Furthermore, moisture
content itself varies from time to time, and a
rather small variation causes a rather large
change in the amount of bulking. For these and
other reasons, aggregate should be measured by
weight rather than by volume whenever possible.

To make grading easier, to keep segregation
low, and to insure that each batch is uniform,
coarse aggregate should be stored in and
measured from separate piles or hoppers, in each
of whic* the ratio of maximum to ;ninimum
particle size should not exceed 2:1 for a
maximym nominal size larger than 1 in. and 3:1
for a2 maximum ngyninal size smaller than 1 in. A
mass of aggregate with a nominal size of
11/2in. to 1/4in.. for example, should be
separated into one pile or hopper containing
1 1/2in. to 3f4in., and another pile or hopper
containing 3/4in. to 1’4in. A mass with a
nominal size of 3in. 3 1/4in. should be
separated into one pile or hopper containing
3in. to 1 1/2in., another containing ! 1/2 in. to
3/4in., and a third containing 3/4in. to 1/4 in.

WATER-CEMENT RATIO

The specified ingredient proportions are
those which, it has been caleulated, will produce
an economical concrete of the strength
durability required for the project. Du}a ity is
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to a large extent controlled by strength—
meaning that the stronger the concrete
is, the more durable it will be as well. However,
the quality of the aggregate, the apgregate
grading, aud the proportion of fine to coarse
also have an important effect on durability.

It has been discovered that the major factor
eontrolling strength, everything else being egual,
is the amount of water used per bag of cement.
Maximum strength would be obtained by using
just the amount of water, and no more, than
would be required for the complete hydration of
the cement.

As previously mentioned, however, a mix of
this type would be too dry to be workable, and
therefore, a plasticconcrete mix always contains
more water than the amount required to attain
maximum strength. The point for you to
remember is that the strength of the concrete
decreases as the amount of this extra water
increases,

The specified watercement ratio IS the
happy medium between the maximum possible
strength of the concrete and the necessary
minimum requirements as to workability. The
strength of building concrete is expressed in
terms of the compressive strength in psi (1b per
$q in.} reached after a 7-day set and/or after a
28-day set, usually referred to as PROBABLE
AVERAGE 7-DAY STRENGTH and PROB-
ABLE AVERAGE 28-DAY STRENGTH.

SLUMP TEST

The sh.mp test is used to ineasure the
consistency of the concrete. The test is made by
using a SLUMP CONE, the cone is made of No.
16 gage ga.vanized metal with the base 8in. in
diameter, the top 4 inches in diameter, and the
height 12 in. The base and the top are open and
pavallel to each other and at right angles to the
axis of the cone. A tamping rod 5/8in. in
diameter and 24 in. long is also needed. The
tamping rod should be smooth and bullet
pointed {not a piece of rebar).

Samples of concrete for ftest specimens
should be taken at the mixer or, in the case of

h ready-mixed concrete. from the transportation
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vehicle during discharge. The sample of concrete
from which test specimens are made will be
representative of the entire batch. Such samples
should be obtained by repeatedly passing a
scoop or pail through the discharging stream of
concrete, starting the sampling operation at the
beginning of discharge and repeating the
operation until the entire batch is discharged.
The sampie being obtained should be
transported to the testing site. To counteract
segregation, the concrete should be mixed with a
shovel until the concrete is uniform in
appearance. The location in the work of the
batch of concrete being sampled should be
noted for future reference. In the case of paving
concrete, samples may be taken from the batch
immediately after depositing on the subgrade.
At least five samples should be taken from
different portions of the pile and these wmples
should be thorurhly mixed to form the test
specimen.

The cone should be dampened and placed on
a flat, moist, nonabsorbent surface. From the
sample of concrete obtained, the cone should
immediately be filled in three layers, each
approximately one-third the volume of the cone
In placing eaclh scoopful of concrete the scoop
should be moved around the top edge of the
cone as the concrete slides from it, in order to
ensure symmetrical distribution of concrete
within the cone. Each layer should be RODDED
IN with 25 strokes. The strokes should be
distributed uniformly over the cross section of
the cone and should penetrate into the
underlying layer. The bottom layer should be
todded throughout its depth.

Should the cone be overfilled, strike off the
excess concrete flush with the top with a
straightedge. The cone should be immediately
removed from the concrete by raising it
carefully in a vertical direction. The slump
should then be measured to the center of the
stump immediately by dectermining the
difference between the height of the cone and
the height at the vertical axis of the specimen, as
shown in figure 7-4.

The consistency should be recorded in terms
of inches of subsidence of the specimen during
the test, which is called slump. Slump equals 12
inches of height after subsidence.

TAMPING
ROD:

DIA..5/8"
LENGTH. 24"

45574

Figure 7-4.—Measurement of slumps.

After the slump measurement is completed,
the side of the mix should be tapped gently with
the tamping rod. The behavior of the concrete
under this treatment is a valuable indication of
the cohesiveness, workability, and placeability
of the mix. f the mix is well-proportioned,
tapping will only cause it to slump lower,
without crumbling apart of segregating by the
dropping of larger aggregate particles to a lower
level in the mix. If the concrete crumbles apart.
it is oversandad, if it segregates, it |is
undersanded.

WORKABILITY

A mix must be WORKABLE enough to fil}
the form spaces completely of its own accord, or
with the assistance of a reasonable amount of
shoveling, spading, and vibrating. Since a fluid or
“runny” mix will do this more readily than a dry
or “stiff” mix, it follows that workability varies
directly with fluidity, The workability of a2 mix
is determined by the slump test. The amount of
the slump, in inches, is the measure of the
concrete’s workability-the more the slump, the
higher the workability.

The slump can be controlied by a change in
any one or all of the following: gradation of

")“)1)
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aggregates, proportion of aggregates, or the
moisture content. (If the moisture content
should change, you should add more cement to
maintain the proper water-cement ratio.)

The desired degree of workability is attained
by running a series of trial batches, using various
amounts of fine to coarse aggregate, until 2
batch is produced in which the slump is as
desired. Once the amount of increase or decrease
required to produce the desired slump is
determined, the aggregate proportions, not the
water proportion, in the field mix should be
altered to conform. If the water proportion were
changed, the watercement ratio would be upset.

Never yield to the temptation to throw in
more water without making the corresponding
adjustment in the cement content, and make
sure crewmembers who are spreading a stiff mix
by hand do not ease their labors this way
without telling you about it.

As you gain expetience, you will discover
that adjustments in workability can be made by
mzking minor changes {n the amount of fines in
the fine aggregate or of coarses in the coarse
aggregate; also by making minor changes in the
proportion of fine to coarse. In general,
every thing else remaining the same, an increase
in the proportion of fines stiffens a mix, and an
increase in the proportion of coarse loosens a
mix.

Before you alter the proportions set forth in
the specification, you must, find out from
higher authority whethicr or not you are allowed
to make any such alterations, and if you are,
what the permissible limits are beyond which
you must not go.

GROUT

As previously mentioned, concrete consists
of four essential ingredients: water, cement,
sand, and coarse aggrezate. A mixture of water,
cement, sand, and lime is not concrete but
MORTAR. Mortar, which is used chiefly for
bonding masonry units together, will be
discussed in the next chapter.

230)
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The term GROUT refers to a watercement
mixture (called NEAT-CEMENT GROUT} ora
water-sand-cement mixture called SAND-
CEMENT GROUT) used to plug holes or
cracks in concrete, to seal joints, to fill spaces
between machinery bed plates and concrete
foundations, and for similar plugging or sealing
purposés. The consistency of grout may range
from stiff (about 4gal of water per sack of
cement) to fluid (as many as 10 gal water per
sack of cemnent), depending upon the nature of
the grouting job at hand.

BATCHING

When bagged cement is being used, the
field-mix proportions are usually given in terms
of designated amounts of fine and coarse
aggregate per bag (or per 94 1b) of cement. The
amount of material which is mixed at a time is
called a BATCH, and the size of a batch is
usually designated by the number of bags of
cement it contains, as; a 4-bag batch, a 6-bag
batch, and so on.

The process of weighing out or measuring
out the ingredients for a batchi of concrete is
called BATCHING. When mixing is to be done
by hand, the size of the batch will depend upon
the number of persons who are available to tum
it with hand shovels. When mixing is to be done
by machine, the size of the batch will depend
upon the rated capacity of the mixer. The rated
capacity of the mixer is given in terms of cu ft
of MIXED CONCRETE, not of dry ingredients.

BATCHING PLANT

On large jobs, the aggregate is weighed out in
an aggregate BATCHING PLANT (usually
shoniened to “batra plant™) like the one shown
in figure 7-5, Wh.ncver possible, a batch plant is
located near a’d used in conjuction with a
CRUSHING AIND/OR SCREENING plant. In a
crushing and screening plant, stonz is crushed
into vatious particle sizes, which are then
screened into separate piles. In a screening plant,
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29153
Figure 7-5.—Agyregate batching Plant.

the aggregate in its natural state is screened by
sizes into separate piles.

The batch plant, which is usually a portable
affur that can be knocked down and moved
from site to site, 15 generally set up adjacent to
the pile of screened aggregate. The plant may
include separate hoppers fur several sizes of fine
and coars¢ aggregates or it may include one
hopper for fine aggregate and another for coarse
aggregate; Of it may include one or more
DIVIDED hoppers, each containing two or more
separate compartments for different sizes of

aggregates,

Each storage hopper or storage iwpper
compartment can be discharged into a WEIGH
BOX. which can in turn be discharged into a
mixer Of a batch truck. When a spedific weight
of aggregate 15 calied for, the operator sets the
welght on a beam scale. The operator then opens
the dischargz cliute on the storage hopper. When
the desired weight has been reached in the weigh
box, the scale beam rises and the operator closes

the storage liopper discharge chute. The
operator then ©-ens tlie weigh box discharge
chute, and the aggregate discharges into the
mixer Or batch truck. Batch plant asgregate
storage hoppers are usvally loaded with
clamshell-equipped cranes.

All personnel working in the batch plant
area should wear I-rd hats at all times.

While persons ar= working on Or in conveyor
line areas, the switches and controls are to be
secured and tagged sO that no one can engage
them until all personnel are clear,

When hoppers are being loaded with
clamshell or other loaders, tlie personnel should
stay away from the area of falling aggregate.

The scale operator should be the only person
on the scale platform during batching
operations.

Housckeeping Of charging area is imporiant
and personnel should do everything possible to
keen the area clean and free of spoiled material
or overflow.

Debris in aggregate .auses much of the

damage to conveyors., 50 keep tlie material clean
at all times.

When batch operations are conducted at
night. g0od maximum lighting is 2 musi.

Personnel working in batch plants should use
good eye hyglene, as continual neglect of eye
care can have serious consequences.

VAPOR-TYPE GOGGLES SHOULD Bt
WORN BY PERSONNEL IN BATCH{ PLANT
OPERATIONS.

MIXING CONCRETE

Mixing concrete is done by one of the two
methods, by hland ©r machine. N0 matter which
method is used, a well established procedure
must be followed if you expect the finished
woncrete to be of good quality. An oversight in
this phase of conurete construction, whether
through lack of competence Or inattention 0
detail. cannot he overcome later.




BUILDER 3 & 2

MIXING BY HAND

A batch which is to be handmixed by a
couple of crewmembers should not be much
larger than about a <cuyd. The equipment
required oconsists of a watertight metal or
wooden platform, two shovels, a metallned
measwring box, and a graduated bucket for
measuring the water.

The mixing platform need not be fabricated
of expensive materials, but may only be an
abandoned concrete slab or concrete parking lot
than can be cleaned after use. If there is not a
suitable place available, it may be necessary to
construct a 10-by 12-ft square wooden platform
of 3/4-in. plywood and 2by 4’s. A strip of
2:by 2-in. lumber should be nailed along the
outer edges, to prevent water or fluid material
from flowing off the platform. For the same
reason, the platform must be levei.?

Mix the sand and cement together first,
using the following procedure. Say that the
batch is to consist of 2 bags of cement, 5.5 cu ft
of sand, and 6.4 cu ft of coarse aggregate. Dump
3 cu ft of sand on the platform first, spread it

out in a layer, and dump a bag of cement overit.

Spread the cement out in aJayer, and dump the
rest of the sand (2.5 cu ft) over it. Then dump
the other sack of cement on top of the lot, This
use of altemate layers of sand and cement
reduces the amount of shoveling required for
complete mixing.

Personnel doing the mixing should face each
other from opposite sides of the pile, and they
should work from the outside to the center,
tuming the material as many times as is
necessary to produce a uniforn: color
throughout. When the cement and sand have
been completely mixed, the pile should be
leveled off and the coarse material should be
added and mixed in by the neceg‘ary number of
tumings. o

The pile should next be troughed in the
center, and the mixing water, after being
carefully measured, should be poured into the

trough. The dry materials should then be tumed %

into the water, with great care taken to insure

716
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that none of the water escapes. When all the
water has been taken up, the batch should be
mixed to a uniform consistency. At least four
complete turnings are usually required.

MIXING BY MACHINE

A concrete mixer is designated as to size by
its RATED CAPACITY, expressed in terms of
the volume of mixed concrete—not of dry
ingredients—it can mix in a single batch. Rated
capacities run from as small as 2 cu ft to as large
as Tcuyd (189cuft). For most ordinary
building construction, the most commonly used
mixeris the Model 16-S {fig. 7-6) with a capacity
of 16 ¢cu ft.

The 16-8 con.icwe mixer is a self-contained
unit capable of producing 16 cubic feet of
concrete pPlus a 10 percent uverload per batch.
The hourly production capacity will ..y
betwsen 10 and 15cuyd depending on the
efficiency of the personnel. Aggregate larger
than 3in. will damage the mixer. The mixer
consists of a frame which is equipped with
wheels and towing tongue for easy movement,

29151

Figure 7-8.—Modsel 18-S concrate mixer.
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an engmne, a power loader skip, mxmng drum,
water tank, and auxiliary water pump. The
mixer may be used as a central mixing plant.

Charging the Mixer

There are two ways of charging concrete
mixers, by hand and with the mechanical skip.
Before loading the mechanical skip, remove the
towing tongue. Then cement, sand, and gravel
can be loaded and dumped into the mixer
together while the water runs into the mixing
drum on the gide opposite the skip. The mixing
water 1s measured from a storage tank on top of
the mixer a few seconds before the skip 1s
dumped to wash the mixer between batches.
The coarse aggregate is placed in the skip first,
the cement next and the sand is placed on top to
prevent excessive loss of cement as the batch
enters the mi> ~*

Mixing Tire

R

On mixing machines 27 cu ft or larger the
mixing time for a l-cuyd batch is 112
minutes. Another 15 seconds should be aliowed
for each additional 1/2cuyd or fraction
thereof. The water should be started into the
drum a few seconds before the skip begins to
dump, so that the inside of the drum will get a
washout before the batched ingredients g0 in.
The mixing pertod shouid be measured from 4.
time all the batched ingredients are in, provided
that all the water is i before one-fourth of the
mixing tme has elapsed. The time elapsing
between the introduction of the mixing water to
the cement and aggregates and the placing of the
concrete in the forms should not exceed
1 1/2hr,

Discharging the Mixer

When tne matenal 15 ready for discharge
from the mixer, the discharge chute is moved
into place to receive the concrete from the drum
of the !mixer. In some cases, dry concrete has a

7-17

tendency to carry up to the top of the drum and
not drop down in time to be deposited on the
chute. Very wet concrete may not carry up high
enough to be caught by the chute. This
condition can be corrected by adjusting the
speed Of the mixer. For very wet concrete, the
speed of the drum should be increased and for
dry concrete, it should be stowed down.

Cleaning and Maintaining the Mixer

The mixer should be cleaned daily w., ' is
‘n continuous operation or followmg each
period of use if it is in operation less than a day.
if the outside of the mixer is kept coated with
form oil, the cleaning process can be speeded up.
The outside of the mixer should be washed with
a hose and all accumulated concrefe should be
knocked off. If the blades of the mixer become
womm, or coated with hardened concrete. the
mixing action will be less efficient. Badly worn
blades should be replaced. Hardened concrete
should not be allowed to accumulate in the
mixer drum. The mixer drum must be cleaned
out whenever it is necessary to shut dovn for
more than [ 1/2 hours. Place a volume of coarse
aggregate in the drum equal to one-half of the
capacity of the mixer and zllow it to revolve for
about § minutes. Discharge the aggregate and
flush out the drum with water. Do not pound
the discharge chute, drum shell, or the skip to
remove aggregate or hardened concrete, for
concrete will more readily adhere to the dents
and bumps created.

For complete instructions on the operation,
adjustment,”and maintenance of the mixer,
study the manufacturer’s manual

All gears, chains, and rolfers ©f mixers
should be properly guarded. All moving parts
should be cleaned and properly serviced 0 as to
give safe performance of the equipment

Skip loader cables and brakes must be
inspected frequently to prevent injuries caused
by falling skips.

Whenever working under an elevated skip is
unavoidable, the skip must be shored up {o
prevent it from falling in the event that the
brake should faii or be accidentally released.

The mixer Operator must never lower the
skip without first making sure that there is no
one under it.
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The area around the mixer must be kept
clear.

Dust protection equipment must be issued
to the crew engaged in handling cement, and the
crew must wear the equipment when so engaged.
Crewmembers should stand with their backs to
the wind whenever possible, to prevent cement
and sand from being blown into their eyes and
faces.

Whenever the mixer drum is being cleaned.
the switches must be open, the throttles closed,
and the control mechaaistm locked in the OFF
position.

HANDLING AND TRANSPORTING
CONCRETE

If mixed plastic concrete is carried by the
ordinary type of wehicle (dump truck, for
example), there is a strong tendency for the
larger aggregate particles to segregate by settling
to the bottom. To avoid this, ready-mixed
concrete is usually delivered to a job by a
transit-mix truck.

When ready-mixed concrete is carried by the
ordinary type of carrier (such as a dump truck,
wheelbarrow, or buggy), any jolting of the
carrier increases the natural tendency of the
concrete to segregate. Carriers should therefore
be equipped with pneumatic tires whenever
possible, and the surface over which they travel
should be as smooth as possible.

A long free fall will cause concrete to
segregate. If the concrete must be discharged at
a level more than 4ft above the level of
placement, it should be dumped into an
ELEPHANT TRUNK like the one shown in
figure 7-7.

Segregation also occurs whenever discharged
concret¢ is allowed to glance off a surface, such
as the side of a form or of a chute.
Wheelbarrows, buggies, and conveyors should
therefore be discharged so as to cause the
concrete to fall clear.
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Figure 7-7.-Chute or down pips used to check free fal}
of concrete.

Concrete should be transported by Jhute for
short distances only, stnce it tends to segregate
and also to dry out when handled in this
manner. For a mix of average workability, the
best slope for a chute is about 1 ft of rise {0 2 or
3 ft of run. For a mix of this type. 2 steeper
slope will cause segregation, while a flatter slope
will either cause the concrete to run slowly or
not at all. For a stiffer mix, a steeper slope will
be required.

All chutes and spouting used in rete
pours should be clean and well suppor d by
proper bracing and guys.

When spouting and chutes run overhead, the
area beneath must be cleared and barricaded
during placing to eliminate the danger of falling
concreie or possible collapse causing injuries.
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READY-MIXED CONCRETE

On some jobs, such as large highway jobs, it
1s possible to use a baitch plant which contains
its own mixer. A plant of this type discharges
ready-mixed concrete into dump trucks or
agitator trucks, which haul it to the construction
site. An agitator truck carries the mix in a
revolving chamber much like the one on a mixer.
Keeping the mix agitated en route prevents
segregation of aggrepate particles. SEAZEES
have used concrete pavers as central mixing
plants, stationing the paver adjacent to a cut so
that trucks may be driven under the bucket
boom.

A ready-mix plant is usually portable, so
that 1t can follow the job along. It must be
certain, of course, that a truck will be able to
deliver the mix at the site before it starts to set.

Discharge of the concrete from the drum
should be completed within 1 1/2 hr.

TRANSIT-MIXED CONCRETE

A TRANSIT-MIX truck is a traveling
concrete mixer. The truck carries a mixer and 2
water tank, from which the driver can, at the
prover time, introduce the required amount of
water into the mix. The truck picks up the dry
ingredients at the batch plant, together with a
slip which tells how much water is o be
introduced to the mix upon arrival at the pour
site. The mixer drum is kept revolving enroute
and at the job site so that the dry ingredients Jo
not rogregate. Transit-rmx trucks are part of the
battalion’s equipment inventory and are the
most widely used on all but the smzilest
concrete jobs assigned to o battalion.

FORMWORK

Most structural cor crete 1s made by placing
{CASTING) plastic concrete intc spaces
enclosed by previously constructed FORMS.
The plastic concrete hardens into the shape
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outlined by the forms, after which the forms are
usually removed.

Forms for concrete structures must be tight,
rigid, and strong. If the forms are not tight,
there will be a loss of paste which may cause
weakness or a loss of water which may cause
SAND STREAKING. The forms must be strong
enough and well-braced enough to resist the high
pressure exerted by the concrete.

Forms, or parts of forms, are often omitted
when a firm earth surface exists which is capable
of supporting and/or molding the concrete. In
most footings, the bottom of the footing is cast
cirectly against the earth a.d only the sides are
molded in forms. Many footings are cast with
both the bottom and the sides against the
natural earth. In these cases, however, the
specifications usually cali for larger footings. A
foundation wall is often cast between a form on
the inner side and the natural earth surface on
the outer side.

FORM MATERIALS

~n

Forms are generally constructed from three
different materials. earth, metai, and wood.

Earth forms are used in subsurface
construction where the soil is stable enough to
retain  the desired shape of the concrete
structure. The advantages of this type of form
are that less excavation is required and there is
better settling resistance. The obvious
disadvantage is a rough surface finish, so the use
of earth forms is generally restricted to footings
and foundations.

Metal forms are used where added strength is
required or where the construction will he
duplivated at another location. Metal forms are
more expensive, but they may be more
economical than wooden forms if they can be
used often enough, Examples of their use would
be highway paving forms or curb and sidewalk
forms.

Wooden forms are by far the rost common
type used in building construction. They have

d".:)n..
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the advantage of economy, ease in handling, ease
of praduction, and adaptability to many desired
shapes. Added economy may result from reusing
form lumber later for roofing, bracing, or similar
purposes. Lumber should be straight,
structurally sound, strong, ard only partially
seasoned. Kiln<dried timber has a tendency to
swell when soaked with water from the
concrete. If the boards are tight jointed the
swelling causes bulging and distortion. When
green lumber is used, an allowance should be
made for shrinkage or the forms should be kept
wet until the concrete is in place. Soft woods,
such as pine, fir, and spruce make the best and
most economical form lumber since they are
light, easy to work with, and available in almost
every region. Lumber that comes in contact with
the concrete should be surfaced on one side <t
least and on both edges. The surfaced side is
turned toward the concrete. The edges of the
lumber may be square, shiplap, or tongue and
groove. The latter makes a2 more watertight joint
and tends to prevent warping. Plywood can be
used economically for wall and floor forms if it
1s made with waterproof glue and is identified
for use in concrete forms. Plywood is jnore warp
resistant and can be reused more often than
lumber. Plywood is made in thiknesses of 1/4,
3/8, 9/16, 5/8, and 3/4in. and in widths up to
48in. Although longer lengths are manu-
factured, 8-ft lengths are the most commonly
used. The 5/8- and 3,4-in. thicknesses are most
economical, the thinner sections will require
solid backing to prevent deflection. The 1/4-in.
thickness is useful for curved surfaces.

FORM DESIGN
Forms for concrete construction must
support the plastic concrete until it has

hardened. Stiffness is an important festure in
forms and failure {o provide for this may cause
unfortunate results. Forms must be designed for
all the weight they are liable to be subjected to,
including the dead load of the forms, the plastic
concrete in the forms, the weight of the
workmen, the weight of equipment and
materials whose weight may be transferred to
the forms, and the impact due to vibration.

Y
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These factors vary with each project, but none
should be neglected. Ease of erection and
removal are aiso important factors in the
economical design of forms. Platform and ramp
structures independent of formwork are
sometimes preferred to avoid displacement of
forms due to loading and impact shock from
workmen and equipment.

When concrete is placed in the forms, it is in
a plastic state and exerts hydrostatic pressure on
the forms. The basis of form design, therefore, is
the maximum pressure developed by the
concrate during placing. The maximum pressure
developed will depend on the rate of placing and
the temperature. The rate of placing will affect
the pressure because it determines how much
hydrostatic head will be built up in the form.
The hydrostatic head will continue to increase
until the concrete takes its initial set, usually in
about 90 minutes. However, at low
temperatures, the initial set takes place much
more slowly so it is necessary to consider the
temperature, at the time of placing. Knowing
these two factors. and the type of form material
to be used, a tentative design may be calculated.

FORM CONSTRUCTION

Strictly speaking, it is only those parts of the
formwork which directly mold the concrete that
are correctly referred to as the “forms.”* The rest
of the formwork consists of various bracing and
tying members used to strengthen the forms and
to hold them rigidly in place.

In the following discussion of the various
common types of forms, you should study the
iflustrations until you have learmed the names of
all the formwork members.

Footing Forms

When possible, the earth should be
excavatea so as to form a mold for concrete wall
footings. Otherwise, forms must be constructed.
In most ceses, footings for columns are square or
rectangular. The four sides should be built and
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STAKES

133.261

Flgurs 7-8.--Typical large footing form.

erected in panels. The panels for the opposite
sides of the footing are made to the exact
footing width. The 1-in.~thick sheathing is railed
to vertical cleats spaced on 2-ft centers. See (a)
in figure 7-8 which shows a typical form for a
large footing. Two-inch-dressed lumber should
be used for the cleats and cleats spaced 2 1/2 in.
from each end of the panel as shown. The other
pair of panels (b}, figure 7-8 have two end cleats
on the inside spaced the length of the footing
plus twice the sheathing thickness. The panels
are held together by No. 8 or 9 soft,
black-annealed-iron wire wrapped around the
center cleats. All reinforcing bars must be in
place before the wire is installed. The holes on
each side of the cleat pen..itting the wire to be
wrapped around the cleat should be less than
1/2 in. in diameter to prevent leakage of mortar
through the hole. The panels may be held in
place with form nails until the tie wire is
installed. All form (duplex) nails should be
driven from: the outside if possible to make
stripping easier. For fonms 4 ft square or larger,
stakes should be driven as shown, These stakes
and 1 by 6 boards nailed across the top prevent

sg‘mading. The side panels may be higher than

7-21

e e e - . m e e . . e . e e i e et

the required depth of footing since they can be
marked on the inside to indicate the top of the
footing. If the footings are less than 1 ft deep
and 2 ft square, the forms can be constructed of
I«in. sheathing without cleats. Boards for the
sides of the form are cut and nailed as shown in
figure 7-9. The form can be braced and no wire
ties are needed.

FORM SIDES FORM SIDES NAILED

1N POSITION

133.252
Figure 7.8.—Typical small footing form.
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FOOTING FORM

PIER FORM

SHEATHING

Figure 7-10.—Typical footing and pier form.

Sometimes it may be necessary to piace a
footing and a small pier or column at the same
time. The form for this type of concrete
constrction is shown in figures 7-10 and 7-11.
The units are similar to the one shown in figure
7-8. Support for the upper form must be
provided in such a way that it does not interfere
with the placement of concrete in the lower
form. This is accomplished by nailinga 2 by 2 or
4by 4 to the lower form as shown. The top
form is then nailed to these support pieces.

Foundations

Foundation forms may include forms for
wall footings, column footings, and pier
footings. These foundations or footings are
relatively low in height and have the primary
function of supporting the structure, The depth
of concrete is usually small, therefore, the
pressufe on the form is relatively low. Thus,
design based on strength consideration genzrally

is not necessary. Whenever possible, the earth
should be excavated and the hole used as a mold
for the concrete footings.

Walls

Wall forms (fig. 7-12) may be built-in-place
or prefabricated, depending on shape and
desirability of reuse of forms. Some of the
elements that make up wooden forms are
sheathing, studs, wales, braces, shoe plates,
spreaders, and tie wires.

Sheathing forms the surfaces of the
concrete. 1t should be as smooth as possible,
especially if the finished surfaces are to be
exposed. Since the concrete is in a plastic state
when placed in the form, e sheathing should
be watertight. Tongue-and-groove sheathing
gives a smooth watertight surface. Plywood or
hardboard can also be used.
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SHEATHING TYPE
YOKE  LOCK

.. SCAB TYPE
YOKE LOCK

FOOTING
FORM

133.487
Figure 7-11.—Form for concrete ¢olumn.

WRE THRUY

SeREADERS

SHEATHING ——y

SPRE ACEW —&

SHCE —~(:_J

133.486
Figure 7-12,—Form for a concrate wall,

The weight of the plastic concrete will cause
the sheathing to bulge if it is not ieinforced,
Studs are run vertically to add rigidity to the
wall form. Studs are generally made from 2 by 4
or 3 by 6 material.
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Studs also require reinforcing when they
extend over 4 or 5ft. This reinforcing is
supplied by double wales. Double wales also
serve to tie prefabricated panels together and
keep them in a straight line. They nm
horizontally and are lapped at the corners of the
forms to add rigidity. Wales are usually made
from the same material as the studs,

There are many types of braces which can be
used to give the forms stability. The most
common type is a diagonal member and
horizontal member nailed to a stake and to 2
stud or wale. The diagonal member should make
a 30° angle with the horizontal member.
Additional bracing may be added to the form by
placing verticai members (strongbacks) behind
the wales or by placing vertical members in the
corner formed by intersecting wales. Braces are
not part of the form design and are not
considered as providing any additional strength.

The shoe plate is nailed into the foundation
of footing and is carefully placed to maintain
the correct wall dimension and alinement. The
stuas are tied into the shoe and spaced according
to the correct design.

In order to maintain proper distance
between forms, small pieces of wood are cut to
the same length as the thiekness of the wall and
are placed between the forms. These are
spreaders. The spreaders are not nailed but are
held in place by friction and must be removed
before the conerete hardens. A wire should be
securely attached to the spreaders so that they
can be pulled out after the conerete has exerted
enough pressure to the walls to allow them to be
easily removed.

Tie wire is a teasile unit designed 1o hold the
eancrete forms secure against the lateral pressure
of unhardened concrete. A double strand of tie
wire is always used.

Wall forms are usually additionally
reinforced against displacement by the use of
TIES. Two types of simple wire ties, used with
wood SPREADERS, are shown in figure 7-13.
The wire is passed around the studs, the wales
and through small holes bored in tlie sheathing.

P RSN
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Figure 7-13.~Wire ties for wall forms.

The spreader is placed as close a. ossible to the
studs, and the tie is set taut by th. wedge shown
in the upper view, or by twisting with a small
toggle as shown in the lower view. When the
concrete reaches the level of the spreader, the
spreader is knocked out and removed. The parts
of the wire which are inside the forms remain in
the concrete; the outside surplus is cut off after
the forms are removed.

Wire ties and wooden spreaders have been
largely replaced by various manufactured devices
in which the function of the tie and the spreader
are combined, Figure 7-14 shows one of these: it
is called a SNAP TIE. These ties are made in
various sizes to {it various wall thicknesses. The
tie holders can be removed from the tie rod. The
rod goes through small holes bored in the
sheathing, and aiso through the wales, which are
usually doubled for that purpose. Tapping the
tie holders down on the ends of the rod “rings
the sheating to bear solidly against the spreader
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2.4

TIE HOLDER

BREAKING PDINTS

\SHEA"h‘."‘

Figure 7-14.~-Snap tie.

washers. (To prevent th« tie holder from coming
loose, drive a duplex nail in the provided hole.)
After the concrete has hardened, the tie holders
can be detached to strip the forms. After the
forms are stripped. a special wrench is used to
break off the outer sections of rod, which break
off at the breaking points, located about 1 in,
inside the surface of the concrete. Small surface
holes remain, which can be plugged with grout if
necessary,

Another type of wall-form tie is the TIE
ROD shown in figure 7-15. The rod in this type
consists of three sections: an inner section which
is threaded on both ends, and two threaded
outer sections. The inner section, with the cones
set to the thickness of the wall, is placed
between the forms, and the outer sections are
passed through the wales and siseathing and
threaded into the cone nuts. The ciamps are
then threaded up on the outer sectjons to bring
the forms to bear against the cone nuts. After
the concrefe hardens, the clamps are loosened
and the outer sections of rod are removed by
threading them out of the cone nuts. After the
forms are stripped, the cone nuts are removed
from the concrete by thseading them off the
inner sections of rod with a special wrench. The
cone-shaped surface Loles which remain may be
plugged with grout. The inner sections of rod
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. 45.471
Figure 7-15.~Tie rod.

remair in the concrete. The outer sections and
the cone nuts may be reused indefinitely.

Wall forms are usually constructed as
separate panels, each made by nailing sheathing
to a number of studs. Panels are joined to each

|

N JiN

other in line as shown in figure 7-16, A method B L
of joining panels at a corner is shown in figure f
7-]1?. &P # g E; OUTER SIDE PANEL

PANEL

rr:at."rswr END | NER SIDE PANEL

i il o ek F L T Sl el J i i
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SHEATHING FARA Ej F 1" SHEATHING ,
) £
’ ;\mswc END PANEL
160 DOUBLEHEADED NaiL I 2
— 133.12
133.11 figure 7-17.—NMethod o foining wall form panols st &
Figure 7-16.—Jolning wali form panels tagether inline. comer.
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Columns

Figure 7-18 shows a column form. Since the
rate of placing in a ¢column form is very high,
and the bursting pressure exerted on the form
by the concrete increases directlty with the rate
of placing, a column form must be securely
braced by the yokes shown in the figure. Since
the bursting pressure is greater at the bottom of
the form than it is at the top, the yokes are
placed closer together at the bottom than they
are at the top.

The panels for the form are made up first,
by nailing the yoke members to the sheathing.
On two panels the yoke members come flush
with the edges of the sheathing; on the other
two they project beyond the edges as shown.
Bolt holes are bored in these projections as
shown, and bolts are inserted to back up the
wedges which are driven to tighten the yokes.

46.472
Figura 7-18.—Column form.

1

Beams and Girders

The type of construction to be used for
beam forms depends upon whether the form is
to be removed in one piece or whether the sides
are to be stripped and the bottom left in place
until such time as the concrete has developed
enough strength to permit removal of the
shoring. The latter type beam form is preferred
and details for this type are shown in figure
7-19. Beam forms are subjected to’very little
bursting pressure but must be shored up at
frequent intervals to prevent sagging under the
weight of the fresh concrete.

The bottom of the form has the same width
as the beam and is in one piece for the full
width. The sides of the form should be
l-in.-thick tongue-and-groove sheathing and
should lap over the bottom 2as shown. The
sheathing is nailed to 2- by 4-in. struts placed on
3-ft centers. A 1- by 4-in. piece is nailed along
the struts. Thes¢ pieces support the joist for the
floor panel, as shown in figure 7-20. The beam
sides of the form are not nailed to the bottom
but are held in position by continuous strips, as
shown in detail E. The cross pieces njailed on top
serve as spreaders. After erection, the siab panel
joists hold the beam sides in position. Girder
forms (fig. 7-19) are the same as beam forms
except that the sides are notched to receive the
beam forms. Temporary cleats should be nailed
across the beam opening when the girder form is
being handled. &

The entire method of assembling beam and
girder forms is illustrated in figure 7-20. The
connecticn of the beam uand girder is illustrated
in detail D. = beam bLottom butts up tightly
dgainst the side of the girder form and rests on a
2- by 4-in. cleat nailed to the girder side. Detail
C shows the joint between the beam and slab
panel and details A and B show the joint
between the girder and column. The clearances
given in these details are needed for stripping
and also to allow for movement that will occur
due to the weight of the fresh concrete. The
4 by 4 posts (Detail E) used for shoring the
beams and girders should be spaced so as to
provide support for the concrete and forms and
wedged at the bottom to obtain proper
elevation.

7-26
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2 548

CHAMFER
Strip

TEMPORARY SPREADER

1 X 4" LEDGER
FOR FLOOR SLAS
FORM JO15TS

1" SHEATHING

2 848
SOFFIT
CHAMEER
STRIP
45.474(133F)
Figure 7.19.--Typicel beam and girder forms.
OILING AND WETTING FORMS prevent bond between the forms and the

concrete. Almost any light-bodied petroleum o5l

Before concrete is placed in forms which are makes a satisfactory bond-preventer for wood

to be stripped, the forms must be coated wath a forms. The use of oil however, should be
suitable form o1l or other material which will avoided where finislied concrete surfaces are to
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Figure 7-20.—-Astembly of heam snd floor forms.

be painted. However, for forms which are to be
reused a compound is preferable which will not
only prevent bond but also protect the form
material.

On plywood forms, lacquer is preferred to
ordinary oil. Commercial lacquers and similar
preparations are also good. If the forms are to be
reused a good many times, painting is a goodJ
way to preserve them.

Ordinary petroleum oils which are
satisfactory for wood forms may not prevent

bond between concrete and steel forms. For
steel forms certain specally ‘c’o"m?)zunded
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petrolewn oils, such as syntiretic castor oil, and
some iypes of manne engine vils, should be
used.

Since arv forn oil dropped on the
reinforcing .tecl (see next section) will prevent
bond bewween the steel and concrete, forms
should be oiled before the steel is set in place.
Colu.an panels and wall {crm panels must be
oiled before they are erected. Surfaces which are
to be oiled must be smooth, and the o}, which
may be applied by brush, sprayer. or swab, must
cover evenly and without hnlidays.
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If form oil or its equivalent is not available,
the forms may be wetted thoroughly to help
prevent sticking. This method of bond-
prevention should be used only when a suitable
bond-preventing compound is unobtainable.

REINFORCED CONCRETE

Concrete is strong in compression, but
relatively weak in tension. The reverse is true
when stesfis used in the concrete—one makes up
for the deficiency of the other. When steel is
embedded in concrete in a manner which assists
it in carrying imposed loads, the combination is
known as reinforced concrete. The ste2l may
consist of welded-wire mesh or expanded-metal
mesh, but it commonly consists of steel bars
called REINFORCING BARS.

Before placing reinforcing steel in forms. all
form oiling should be completed. Oil on
reinforcing bars is objectionable because it
reduces the bond between the bars and the
concrete. Use a piece of burlap to clean the bars
of rust, scale. grease., mud, or other foreign
matter. A tight film of rust or mill scale is not
objectionable. . -

There are several types of ties that can be
used with deformed bars: some more effective
than others. Figure 7-21 illustrates the six types
used by the SEABEES: (A} snap tie or simple
tie; (B) saddle tie; (C) wall te; (D) saddie tie
with twist; (E) double strand single tie; and (F)

-cross tie or figure eight tie. As a Builder, you

will only be concerned with the snap tie and
saddle qe.

When making the SNAP TIE or SIMPLE
TIE, the wire is simply wrapped once around the
two crossing bars in a diagonal manner with the
two ends on top, and these are twisted together
with a par of sidecutters unt! they are very
tight agawnst the bars. Then the loose ends of the
wire are cut off. This tie is used mostly on floor
slabs. When making the SADDLE TIE, the wires
pass halfway around one of the bars on either
side of the crossing bar and are brought squarely
or dragonally around the crossing bar, with the
ends twisted together and cut off. This tie 1s
used on specid! locations ( walls).

127.80
Figure 7-21.~TyP2s of ties.

When you are tying rcinforcing bars you
must have a supply of tie wire available There
are several ways you can carry your tie wire
One way is to coil it to a dinmeter of 18in.,
then slip it around your neck and under one
arm, as shown in figure 7-22, This leaves a free
end for tying. Coil enough wire so it weighs
about 9 1b.

Another way fo carry tie wire is tc take
pieces of wire about 9in. long. fold them and
hooh onc end in your belt; then you can pull the
wires out as needed. The tools you will use in
tying reinforcing bars include a 6-ft-folding rule.
sidecutters, leather gloves, 50-ft tape measure.
and a keel crayon, either yellow, red, or blue

The proper location for the reinforcing bars
is usually given on the drawings. In otder for the
structure to withstand the loads 1t must carry,
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Footings and other principal structural
127.81 inembers which are against the ground should
Figure 7-22.—~Carrying tie wire. have at least 3 in. of concrete between steel and
ground. If the concrele surfpce is to be in
contact with the ground or exposed to the

place the steel in the position shown. Secure the
bars in position n such a way that they will not
move when the concrete is placed. This can be

accomplished by the use-of the reinforcing bar TIE WIRE w000 s\;hu’
supports shown n figures 7-23, 7-24, and 7-15. \
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after removal ol the forms, the

weather
protective covering of concrete over the steel
should be 21n. 1t may be reduced to | 1/2 in.
for beanis and colunmns, and 3/4 in. for slabs and
interior-wall surfaces, but 1t should be 2 n. for
all exterior wall surfaces.

Specifications and designs are usually used
when wire mesh is being lapped. However, as a
rule of thumb, one complete lap is usually
sufficient with a mimmuin of 2 in. between laps.
Whenever the rule of thumb 1s not allowed. use
the end-lap or side-lap method.

[n the endlap method, the wirc mesh s
lapped by overlapping one full mesh measured
from the end of the longitudinal wires 1p one
piece to the end ol longitudinal wires in the
adjacent piece. and then tying the two pieces at
1-It by b-1n. centers wath a snap tie

In the side-lap method. the two longitudinal
side wires are placed one alongside and
overlapping the other. and then are tied with a
snap tie every 3 11

Vhe e splices in reinfarcmg steel dre not
dimensioned on the drawings. the bars should be
lapped not less than 30 tunes the bar diameter,
nor less gfian |2 n

The stress in a tension bar can be transmitted
through the concrete and into another adjoimng
bar by a lap sphice of proper length The lap s
expressed as the number of bar diameters If the
bar 1s No 2, make the lap at teast 12 Tie the
bars together with a shap e, as shown in figure
7-26.

The nummum  clear  distance  between
paraliel bars 1n beams. footings. wails. and tloor
slabs should be not less than |n.. por less than
one amil one-tinrd times the Lirgest ze aggregate
particle 1 the concrete In columns. the clear

ViR AT EALT 30 BAR DAL TER

127.85
Figure 7-26 -Bars :phced by lapping,

127.86
Figure 7-27_—Reinforcing steat for a floor slab.

distance between parallel bars should be not less
than one and onc-half times the bar diuneter,
11/2 times the maxinum size of the coarse
aggregate, nor 1 1/2nches.

The support for rentorcing steel m flow
slabs 1s shown n figure 7-27. The height of the
slab bolster 15 determined by the conciete
pretective cover required. Concerete blocks made
of sand-cement mortar can be used w place of
the slab boister. Wood blocks should never be
used for this purpose if there 15 any possibility
that the concrete can beconte wet and i the
constrection s of 4 permanent type Buar cluairs
of a type shown it figure 7-27 can be obtamed
in heights up to 6.n. 11 2 height greater than this
1s required, make the chair of No. 0 seft
annealed 1ron wire. Tie the bars together at
frequent intervals with a siap tie where they
¢ross 1o hole the bars lirmly 1n position

Steel for column ties may be assemblied with
the verticals into cages. by laying the vertical bars
for one side of the column horizontally across a
wvouple of sawhorses. The proper number of ties
are shipped dver the bars, the ramannng verugal
bars are added, and then the ties are spaved out
as requured by the placing plans. A sufticiene
1wamber of tersections gre wired together 1o
make the assembly nigid. <o that 1t may be
hoisted and set as a umt.

After the column 15 rased. 1t s tied to the
dowels or ranforcing steel carned up lrom
below. Tius holds 1t tmiy an posation gt the
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base. The column form is erected and the
reinforcing steel is tied to the column form at
5-ft intervals, as shown in figure 7-28.

The use of metal supports 1o hold beam
reinforcing steel in position is shown in figure
7-29. Note the position of the beam bolster. The
stirrups are tied 1o the main reinforcing steer
with a snap tte. Wherever possible, you should
assemble the stirrups and main reinforcing steel
outside the form and then place the assembled
unit in position. Wood blocks should be
substituted for the metal supports only if there
15 no possibility of the concrete becoming wet or
if the construction is known fo be temporary.
Precast concrete blocks. as shown in figure 7-24,
may be substituted for metal supports or, |f
none of the types of bar supports desuribed
above scems surlable. the method <hown In
figure 7-25 inay be used,

Plac ement of steel in walls is the saine as lor
columns ¢xcept that the steel 1s erected 1n place
and not preassembled Honzontal steel 1s tied to
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Figure 728. Securing column with reinforcing steel
against disgiacament.,

Figure 7 29.-Beasm reinforcing stesl supported on baam
bolsters.

vertical steel at least three tymes in any bar
length. Steel in place in a wall is shown in figure
7-30. The wood block is removed when the form
has been filled up to the level of the block. For
high walls, ties in between tlte top and bottom
should be used.

Steel 1s placed n footings very much asitis
placed in floor slabs. Stones. rather than steel
supports. may be used to support the steel at the
proper distance above the subgrade. Steel mats
m small footings are generally preassembled and
placed after the forms have been set. A typical
arrangement 1s shown in figure 7-31. Steel mats
m Jarge footings are constructed in place.

Form construction has its peculiarities in
¢ach jub. however, certain natural vonditions
will prevald in all sitvations. Wet concrete will
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CONCRETE FOOTING

127.88
Figura 7-30.-53el int place in a wali.
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Figure 7-31 --Steel in place in a footing.

alwrys develop hydrostatie pressare and stran
on torm.. Theretore. all stakes, braces, walers,
ties. and shebolts should be properly secured
before placing concrete.

The use of safely belts by persennel Iying
remnforemg bars m Ingh places will expedite the
job and provide safety at all times

Careless nailing and exposed nails in form
work cause accidents, all nailing should be
correctly placed and secured.

All personnel placing concrete in elevated or
high wall forms should wear hard hats, shirt
sleeves should be rolled down and gloves should
be worn. These precautions are for safety first
and also to assist in decreasing the exposure of
skin to “cement poisoning.”

As a crew leader, you should check all forms
for tightness prior to each pour.

Tools, particularly hammers, should be
inspected frequently.

Mud sills should be placed under shoring
that rest in the ground.

Raising of large form panels should not be
attempted in heavy gusts of wind either by hand
or by ¢rane,

CONCRETE CONSTRUCTION
JOINTS

Construction joints are used between the
umits of & structure and located so they will not
cause weakness. It would be preferable
theoretically that eaclr beam, girder. column,
wall. or fluor slab be plaeed in one operation to
produce a homogeneous member wilthout seams
or jomnts, but for practical reasons., this
procedure s usually impossible. The planes
separating the work done on different days.
valled onstruotion joints, are placed where they
will vause the mimimuin amount of weakness to
the structure. and where the shearing s.oesses
and bending moments are smull or where the
Joinis will be supported by other members.

At 2 construction joint between a wall and
its footing, a keyway is usually necessary to
transfer the shearing stresses. A keyway must
always be used if no reinforcing steel or dowels
ite the wall and footing together. This keyway
van be formed by pressing a slightly beveled
2 by 4 into the conerete before it has set and
removing the 2by4 ufter the concrete has
hardened. The 2 by 4 should be well oiled
before 11 s used Such a keyway is shown in
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figure 7-32. If the wall and footing can be placed
at one timev a Constmction JOlnt Is not SECTION OF waly ALREADY POUKID
necessary.

VERTICAL JOINTS

If it is desirable to deposit the concrete for
the full wall height, the forms should be divided
into sections by vertical bulkheads as shown in
figure 7-33. These bulkheads should be spaced
50 that the complete section can be filled in one
continuous operation. Experience has shown
that the V-joint in figure 7-34 is less likely to
break off than the joint shown in figure 7-33 If
reinforcing steel or dowels cross the joint no
projection is needed.

NUTS & wasHErs

BEAM, COLUMN, AND
FLOOR SLAB JOINTS

The proper place to end a pour in
construction mvolving beams. columns. and 133.489
Figute 7.33.—Vertical bulkhead in wall.

e FORM SHEATHING .
V" JOINT

BULKHEAD

133490
Figura 7-34.—Vertical V-construction joint.

floor slabs is shown in figure 7-35. The concrete
in each column should be placed to the
underside of the beam or floor slab above. A
construction joint In a beam or floor slab should
133.486 occur at the center of the span so as to avoid

Figure 7-32.-Construction joint batwean wall and foot- points of maximum shear All construction
ing with 8 keyway. joints in beams and slabs should be vertical.
7-34
)y .-
~)i)

=t — ——————————————————————————
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CONSTRUCTION JOINT FOR SLAD AT CENTER OF SpaN
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COLUMN CONSTRUCTION JOINT AT UNDERSIDE OF COLUMN

CONSTRUCHION JOINT FOR BEAM AT CEMTER OF SPaN

133.491

Figure 7-35.~L veation of construction Joints in beams, cotumns, and floer stabs.

Reinforcing steel or dowels should extend across
the joint. A beam or slab should never be placed
in two Lfts vertically. for this produces a wesh
joint between the two layers.

EXPANSION AND
CONTRACTION JOINTS

Shirinkage of concrete duning hydration s
comparable to a drop in temperatures of 307 10
80°F depending on the nchness of the mix.
Contraction joints are necessary to permit the
conrete to shrink durmg the cunng pro.ess
withcut damage to the structure. The operations
office will consider the best place for the joints
from a standpoint of serving the purpose. They
are usually placed where there is a change n
thickness, at offsets and where the concrete will
tend to crack if shrinkage and deformations due
to temperature are restrained Joints should be
about 30 ft centerfo-center o cxposed
Structures.

Expansion joints. an the form of vertical
joints through the concrete, are used to isolate
adjacent units of a strueture. to prevent cracking
due to shrinkage or temperature changes.
Generally, an expansion joint s used with a
premolded mastic or cork filler, if an elongation
of adjacent parts and a closing of the joint is
anticipated. Expansion joints for different types
of structures are illustrated in figures 7-36
through 7-38. Expansion joints should be
imstalled every 20 ft. .

The purpose of contraction joints Is to
control craeking due to temperature changes
meident to shrinkage df the concrete. I the
concrete oracks, it will usually occur at these
joints. Usually, the contraction caused by
shrinkage will offset a large part of the
expansion  Jue to a nse in  temperature.
Contraction jomts are usually made with no
filler or with a thin coat of asphalt, paraffin, or
soine other material to break the bond. Joints,
as shown i figure 7-39, should be installed at
15-f1 mtenals or closer depending on the extent
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REINFORCING BARS

METAL WATER STOP

JOINT RULER

133.492
Figure 7-36.—Expansion joint for wall.

of local temperalure change These dummy
contraction joinis gre lormed by cutting to a
depth of one-fourth to one-third the thickness
of the section. Contraction and expansion joints
are not used in beams and columns. Contraction
and expansion joints in reinforoed conrete Noor
slabs should be placed at 15 t0 25 ft intervals in
each direction.

PLACING CONCRETE

Plan aiwad before placing cunurete by being
preparcd with the necessary matenal, tovls. and

't PREMOLDED EXPAMSION JOINT

BAM BIAM

BRIDGE PIER

*o"  PREMOLDED EXPANSION JOINY

133.493
Figure 7-37.—Expansion joint for bridge.

7-36

’

I~
30

" PREMOLDED EXPANSION JOINT

TEMPERATURE REINFORCING BARS

Lo =g Sy

MAIN REIMFORCING BARS

133.494
Figure 7-38,~Expansion joint for floor slab.

equipment.  Additionally. be sure complete
wompaction, trimming, and moistening of the
subgrade. erecting forms, and setting of
reinforang steel has been completed.

Concrete will not attain 1ts maximum
possible strength, density. ¢nd unifortmty unless
proper methods are used to plave it in the forms.
Proper methods are methods which will insure
the thorough filling of all form spaces, while at
the same time confining segregation to a
minitnum.

Concrete should be deposited in even
horizontal layers and should not be puddled or
vibrated into plave. The layers should be from 6
to 24 in. in depth depending on the type of
construction. The injtial set should not take
place before the next layer is added. After the
concrete is inplace, to prevent ioneycombing or
to avoid spaces in the concrete, the concrete
should be vibrated or spaded. This is particularly
desirnoi¢ 1n wall forms with considerable
reinforcing. Care should be taken not to
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133.4485
Figure 7-38.—Oummy construction joint.
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overvibrate, because segregation amd a weak
surface inay result.

There is a temptation. in the interests of
tirne and effort, to drop the concrete from the
point to which 1t has been transported regardless
of the height of the forins, but the free fall of
concrete into the forms should be reduced to a
maximum of 3 to 5ft unless vertical pipes,
suitable drop chutes, or baffles are provided,

Corcrete should be deposited n horizontal
layers whenever possible and  cach  layer
consohdated before the succeeding layer is
placed. Each layer should be placed in one
operation. In nass concrete work, where
concrete 15 deposited from buckets, the layers
should be from 15 to 20mn. thiek. For
remforved concrete memnbers, the lavers should
be fromn 6 to 20 thick. The theekness of the
layers depends op the wadth between torms and
the amount of remlorcement,

Cowcrete should be placed as nearly as
possitble m ats  final  posiion  Honizoatal
movement should be avorded singe ths results in
segregation because mortar tends to flow ahead
of coarser material Congrete should be worked
thoroughly  around  the  remforcement  and
bedded hixtures. mto the corers. and on the
sides of the forins

On large pours so as o svoid exeess pressure
on lorms, the rate of tillmg should pot axeeed
41 per fir measured vertically. exespt tor
columns. Placing wall be coordmated so that the
concrete v not deposited faster than (L can be
properly compacted n order to avond cracking
dunng scttlement an intepval ol at least 4 i, but
preferably 24 hr. should  elapse  between
completion of colimns and walls and the placing
of slabs, beains, or girders suppurted by them.

For walls, the Nnirst batches sbould be placed
at the ends ol the section Placing should then
proceed twoward the center for each layer, il
more than one layer s necessary. to prevent
witler trom collecting at the ends and corners ot
the torms {hs method should alse be used n
placing concrete tor beams and girders. | or wall
construc hion, the ipsude torm should be stopped
otl at the level ol constraction Overtill the forin

for about 2 1n. and remove the excess just before
setting oceurs 10 Insure a rough, clean surface.
Before the next lift of concercte is placed on this
surface. a 1/2- to l-in.-thick layer of
sand-cement mortar should be deposited on it.
The mortar should have the same water content
as the concrete and should have a siump of
about 6 in. to prevent stone pockets and help
produce a watertighit joint.

For slabs, the concrete should be placed at
the far end of the siab, cach bateh dumped
aganst previously placed conerete.

The concrete should not be dumped in
s'parate piles and the piles then leveled and
worked together. Nor should the concrete be
deposited in big pides and then inoved
honzontally to 1ts tinal position. since this
practice resulis 1n segregation.

Always deposit the concrete at the bottom
of the slope tisst, aml proceed up the slope as
¢ach batch s dumped agamst the previous one.
Compaction 1s thus increased by the wesght of
the uwewly added concrete when it s
consohidated

CONSOLIDATING CONCRETE

With the vaception of concrete placed under
water, concrete s compacted or consohdated
alfter  placig.  Consolidation  may  be  ae-
comphshed by the use of handtools such as
spades, puddbimg sticks, and tasnpers, but the use
of mechanical vabrators s preferred. Compacting
devices st reach the bottom of the forin and
must be small enough to pass between,
remloremg bars. Consolidation eliminates rock
pockets and air bubbles and bnngs enough fine
matenal to the serface and aganst forms to
produce the desired frsh. b the process of
consohdation. the concrete 15 carefully worked
daround Jll reintorang steel o assure proper
anbedding ol the steel o the  vconcrete.
Bisplacement  of  remforang  steel must  be
avoided winee the shengih of the concrete
motiber depends on proper location of the
remnforeement
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Consolidation is effectively accomplished by
use of mechanical vibrators, as shown in figure
7-40. Vibrators consolidate concrete by pushing
the coarse aggregate down and away from the
point of vibration. With vibrators, it is possible
to place concrete mixtures too stiff to be placed
in any other way. ln most structures. concrete
with a }- or 2-in. slump can be deposited. Stiff
mixtures require less cement and are therefore
more economical. Moreover, there is less danger
of segregation and excessive bleeding. The mix
must not be so stilf that an excessive amount of
labor is required to place it. The internal
vibrator involves insertion of 4 vibrating element
into the concrete. The external type is applied
to the forms. 1t 1s powered by an electric motor,
a gasohne engine. or compressed air. The
internal vibrator should be inserted in the
conerete 4t mtervals of approximately 18 n. for
5 10 15 seconds to allow some overlap of the
area vibrated at each insertion. Whenever
possibie the wibrator should be lowered
vertically into the c¢oncrete and allowed to
descend by gravity. The vibrator should pass
through the layer being pluced and penetrate the
layer below for several inches to insure a good
bond between the layers. Under normal
conditions, there 1s little likelihood of damage
from the vibration of lower layers providec ae
disturbed concrete in these lower layers becomes
plastic under the vibratory action. Sufficient
vibration has taken place when a thin line of
moriar appears along the form near the vibrator,
when the coarse aggregate has sunk into the
congrete, or when the paste just appears near the
vibrator head. The vibrator should then be
withdrawn vertically at about the same rate that
1t descended. The fength of time that 2 vibrator
Jould be left in the conurete depends on the
slump of the onurete. Mixes that can be easily
wonsolidated by spading should not be vibrated
because segregation may owcur. Concrete that
has a slump of 50or 6 in. should not be vibrated.
Vibrators should not be used t0 move wonuicte
any distance in the form. Some hand spading or
puddiing shonld accompany vibrarion

tHland methods for cousolidating concrete
inclide the uyse of spades or puddling sticks and
various types of tampers. For consolidation by
spading. the spade should be she.ed down along
the mnside <urface of the fortns through the layer

. L A
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AFTER VIBRATION

29.168
Figura 740.-The use of a vibrator tc consolidate
concrete.
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deposited and down into the lower layer for a
distance of several 1nches, as shown in figure
7-41. Spading or puddling should continue until
the coarse aggregate has disappeared into the
mortar.

PLACING CONCRETE UNDER WATER
Concrete should be placed in air rather than

under water whenever possible. When it is placed
under water. tlhie work should be done under
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Figure 7-41.—Consolidation by sfading and the spading

tool

experienced supervision and certain precautions
should be taken. For best results. concrete
should not be placed in ‘water having @
temperature below 45°F ana should not be
placed in water flowing with a velocity greater
than 10 ft per minnte, aithough sacked concrete
may be used for water velocitics greater than
this. If the water temperature is below 45°F, the
temperature 9f the concrete when it is deposited
should be above 60°F but in no casc above
80°F, If the water temperature is above 45°F,
no temperature precautions need be taken,
Coffer dams or forms must be tight ¢nough to
reduce the current to less than 10 ft per minute
through the space to be concreted. Pumping of
watcr should not be permitted while concrete is
being placed or for 24 hrs thereafter.

Conerete can be placed under water by
several methods. the most conumon of which 1s
with a tremic. The tremie method 1nvolves a
device as shown in ligure 742, A 1remee is a pipe
havirg a funnel-shaped upper end into which the
concrete 1s ded, The pipe must be long enough to

T
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133.406
Figure 7-42.—Placing concrete under water with a
tremie.
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Figure 7-43.=5craeding by hand.

reach from g working platform abuve water leved
to the lowest point at whi fy the conurete s to
be deposited Frequently, the tower end vl the
pipe is equipped with 4 gate. penmitting hthng
before insertion n water. Thns gate can be
opened from above at the proper time The
bottom or dhscharge end s kept continuously
buried in newly placed concrete, and air and
water are excluded from the pipe by keeping it
constanily filled with concrete The tremae
should be lifted slowly to perninit the concrete to
flow out. Care must be taken nut tu tose the seal
4t the bottom. If lost, 11 15 necessary to raise the
tremie, plug the lower end. and lower the treme
into positton agsin The tremie should not be
movzad lsterslly through the deposited wnerete.
When 1t is necessary (o move the tremie,
should be hfted vut of the concrete snd moved
to the new position, heeping the top surface of
the concrete as level #s possible A rnumber of
tremies should be used if the voncrete 1s to be
deposited over a large ares. They should be
spaced on 20- to 25-ft centers. Concrete should
be supphied at 4 unitorm rate to sll tremies with
no interruptions &t ans of thein. Pumping from
a mixer 15 ' ¢ best method of supplying the
conurete Large tremies can be suspended from a

vrane bourm and van be casily rased and lowered
with the buom. Concrete that s placed with a
tremue shauld have o slump of about 6n. and a
cement content of seven sacks per cubie yard of
conetete About SO percent of the total
aggregate showld be send and  the masimum
Lodrse aggregate size should be from 1 1/2 to
2in

Concrete can be placed at considerable
depth below the water surface by neans of
open-top buckets with 4 drop buttom. Concrete
placed by bucket can be shghtly shffer than that
placed by tremre, but gt should still contain
seven sacks ol cemant per cubie yard. The
bucket i completely filled and the top vovered
with ¢ canvas flap. The flap i attached to one
sube of the bucket only. The bucket 1s lowered
slowly 1nto the water »0 tha the canvas will not
be displaced. Cunurete must not be hscharged
from the bucket before the surface upon which
the comerete 15 to be plived has been reached.
Soundings should be made frequently so that
the top surface 1s kept level.

[h an emergendy. wonrete van be placed
under water in savcks. Jute sacks ot sbout T-u fi
capauity.  filled about twostiards Tull, are
lowered anto the water, preferably  shallow

740
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Chapter 7-CONCRETE

water. These sacks are placed in header and
stretcher courses, intericcking the entire mass. A
header course is placed sc that the length of the
sack 1s at nght angles to the direction in which
the stretcher-course sacks are laid. Cement from
one sack seeps into adjacent sacks and they are
thus bonded together. Experience has shown
that the less e concrete upder water is
disturbed after placement. the hetter it will be,
For thus reason, compaction should not be
attempted.

FINISHING CONCRETE

The concrete limshing process may be
performed n many ways, depending on the
effect desired. Occasionally oniy the correction
of surface defects. such s filing bolt holes or
cleamng 1s necessary. Unformed surfaces may
require only screeding to proper contour and
elevation, or a broomed. floated, or froweled
fimsh may be speaificd. Each step of the
fimisluing operation o discussed below,

SCREEDING

The st step an fimshing  a shab 1
SCREEDING. A hand-operated stnke-off board
and the method ol using i1 are shown in figure
7-43. The chief purpose of sereedimg 1s 1o level
the surface of the slab by striking off the excess
concrete The strike-off board nides on the edges
of the side forms or on wood or metal strips
{screeds)  set up for this purpose Two
crewmembers give the strike-off board a sawing
motion while moving 1t along the slab

Screvding by means of mechameal equp-
ment is shown i Ggure 7-44

The vibrating sereed s bemg used more and
more it construction tor striking off concrete
slaby on highways. bridge decks, and deck slabs,
The sureed. mcorporating the use ol vibration,
perimts  the use ol stronger  and  nore
economical, low shanp concrede as 14 strikes ofl
ths  relatively  dry matenad smoothly  and
quickly  Fhe ads entages ot vibration are greater

7-41

133.16X
Figure 744, —Mechanical screeding.

density  and stronger concrete. Not only do
vibratory [nishing screeds give @ better Tinsh,
and reduce mantenance, but they also save
copsderable time due to the speed at which
they operate, Then, 100, as far as the crew are
concerned, screeds are much less fabguing to
operate than hand strike offs

A vibnitory finshang screed usnally consists
ol & beam or beams wath a gasoline engine or an
clectric motor and vibrating miechansin which 1s
generally mounted mn the center of the beam.
Most  screeds, are exeeedingly  heavy  and
equipped wath wheels. and a raising device to
Facilitate rolbng at back for a second pass
However, there are hightweght screeds which are
not equpped with wheels, and are casly lifted
by two crewmembers and set back tor the
second  pass af required The vibration 1y

2 5l




BUILDER 3 & 2

normally transmitted through the length of the
beam directly to the concrete.

Scteeds are pulled by either ropes or pipe
handles by a crewmember at each end. The
speed at which it is puiled is directly related to
the siump of the concrete—the less the slump,
the slower the speed-the mofe the sump, the
faster the speed. The finishing screed, having no
transverse (crosswise) movement of the beam, is
merely drawn directly forward riding on the
forms or rails. (See fig. 7-44.) Whether the
screed is electric motor or gas engine operated,
in either case a method is provided to quickly
s\art or stop the screed’s vibration. This is
imy'ortant to prevent overvibration when the
scre. d might be standing still.

The concrete is usualiy placed from 15 to
20 ft ahead of the strikeboard and shoveled as
close as possible to its final resting place. The
screed is then put into operation and pulled
along by two crewmembers (one at cach end of
the screed). (Sece fig. 7-45 ) it is very important.
that sufficient concrete is kept in front of the
screed. Should the concrete be below the level
of the screed beam, voids or bare spots wil
appear on the concrete surfiace as the screed
passes over the stah. Should this occur. a
shovelful of so of concrete is throw.; on the bare
spot, and the screed is lifted up and carried back

742

for a second pass. In some cases, the screed crew
will endeavor to work out the void or bare spot
with a liand-operated bull float, rather than
make the second pass with the screed. It may be
found that intermediate vibration speeds are
more desirable for particular mixes and different
length beams. Generally, the stiffer the mix and
the longer the beam, the greater the vibration
speed required. Then, too, the speed at which
the screed 1s moved will affect the resulting
finish of the slab. After a few minutes of
operation, a satisfactory vibration speed and
pulling speed can be established. After the
vibratory finishing screed has passed over the
slab, the surface is then ready for broom or
buriap finishing.

Where possible, it is advisable to lay out or
engineer the concrete slab specifically for use of
2 vibralory finishing screed. Forms shouid be
laid out in lanes of equal widths, so that the
same length serecd <an be used on all lanes or
slabs. it should also be planned, if possible, that
any veftical columns wil be next to the fomms,
so that the screed can easily be [lifted of
maneutered around the column.

The following are the important advantages -
of usmg a vibratory finishing screed:

1. 1t allows the use of low slump concrete

resulting in stronger slabs.

133.16X
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It reduces and sometimes eliminates the
necessity of bull floating.

3. It increases the density of the concrete
resulting in a superior wearing surface.

4. In the case of floor slabs, it makes it
possible to start troweling sooner since drier
miXes can be used which set up more quickly.

FLOATING

If a smoother surface is required than the
one obtained by screeding, the surface should be
worked sparingly with a wood or metal float or
finishing maehine. A wood float and the method
of using it is shown in figure 7-46. This process
should take place shortly after screeding and
while the concrete is still plastic and workable.
High spots are eliminated. low spots filled in.
and enough mortar is brought (ficated) to the
surface to produce the desired finish. The
concrete must not be overworked while it 15 still
plastic to avoid bringing an excess of water and
mortar to the surface. This fine material will
form a thin. weak layer that will scale or wear of f
under usage. Where 3 coarse texture is desired as
the final finish. 1t 1s wsually necessary to float
the surface a second time after it has parually
hardened so that the required surface will be
obtained. In slab construction. long-handled
wood floats are used. as shown in figure 747,

25.182
Figure 7-46.-Wood float and floating operation.

|

29.182
Figure 747.—Longhandle wood float and fosting
operation.

The steel float 1s used the same way as the wood
float. but it 2ives the finished concrete a much
smoother surface.

To avoid cracking and dusting of the
fimshed concrete, steel floating should begin
when the sheen of the water disappears roin the
concrete surface. Cement or water should not be
used to ad in finishing the surface.

EDGING

As the sheen of water begins to leave the
surface, edsing should begin  All edges of the
slab. which do not abut another structure, are
finished with an edger (fig. 7-48) which dresses

133497
Figure 7-48.—Edger.
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corners, and rounds or bevels the concrete edges.
Edging the slab helps prevent chipping at the
corners when the concrete is struck with 3 hard
object and presents a finished appearance.

TROWELING !

If a dense, smooth finish is desired, floattn
must be followed by steel troweling (fig. 7-49)
at some time after the moisture film or sheen
disappears from the floated surface and when
the concrete has hardened cnough to prevent
fine material and water from being worked to
the surface This step should be delayed aslong
as possible. Excessive troweling too early tends
to produce crazing and lack of durability; too
long a delay in troweling results in a surface too
hard to finish properly. The usual tendency isto
start to trowel too soon. Troweling should leave
the stirface smooth, even, and free of mnarks and
npples. Spreading dry cement on a wet surface
to take up excess water js not good practice

20.164
Figure 7-40.~Steal finishing tools and troweling
oparations.

where & wear-resistant and dwable surface 1s
required. Wet spots tnust besavoided if possible;
when they do occur, finishing operations skould
not be resumed until the water has been
absorbed, has evaporated, or has been mopped
up. A surface that is fine texiured-but” not
slippery may be obtained by troweling lightly
over the surface with a circular motion
immediately after tlte first regular troweling. In
this process, the trowel 1s kept flat on the
surface of the concrete, Where a, HARD STEEL-
TROWELED FINISH is required, the first
regular troweling is followed by a second
troweling after the concrete has become hard
enough so that nc mortar adheres to the trowel
and a ringing sound 1s produced as the trowel
passes over the surface. During this final
troweling, the trowel should be atted slightly
and heavy pressure (exerted to thoroughly
compact the surface. dairline cracks are usually
due to a concentration of water and fines at the
surface resulting from overworking the concrete
during finishing operations. Such cracking is
aggravated by too rapid drying and cooling.
Checks that develop before troweling ustially
can be c¢losed by pounding the concrete with a
hand Hoat. .

The mechanical troweling inachine, like the
one shown n figure 7-50 15 used to good

133498
Figure 7 50.~Mechanical trowshing machine.
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" advantage on flat slabs with stiff consistency.

The concrete Must be set enough to support the
weight of
Machine finishing is faster than by hand, where
the machine will fit in with the type of con-

. struction. Refer to the manufacturers manual

for operation and maintenance of the inachine
you are using. °

BROOMING

A nonskid surface can be produced by
brooming ‘the concrete befofe it has thoroughly
hardened. Brooming is carried out after the
floating operation. For some floors .and
sidewalks where severe scoring is not desirable,
the broomed_finish can be produced with a hair
brush after the surface has been trowéled to a
smooth finish once. Where rough scoring is
required, a stiff broom made of steel wire or
coarse fiber should be used. Brooming should be
done in such a way tnat the direction of the
scoring is at night angles to the direction of the
traffic.

GRINDING

When properly constructed of good quality

matertals. ground floors are dustless, dense,

easily cleaned,.and attractive in appearincc.
When grinding s specificd, it should be started
after the suiface has hardened sufficiently to
prevent distodgment of aggregate particles and
should be continued until the coarse aggregate is
exposed. The machines used should be of an
approved type with stones that cul freely and
rapidly. The floor is kept wet during the
grinding process, and the cuttings are removed
by squeegeeing and flushing with water. After
the surface is ground. airholes, pits, and other
blemishes are filled with a thin grout composed
of | part No.80-grain carborundum grit and 1
part portland cement. This grout is spread over
the floor and worked into the pits with a
straightedge. after which it 1s rubbed into the
floor witlr: the grinding machine. When the
fillings have hardened for / days, the floor
receives ¢ final ginding to remove the film and
to give the ‘inish a polish. All surplus material s
then removed by washing thoroughly

the machine and the operator. '

L}
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SACK-RUBBED FINISH

A sack-rubbed finish is sometimes necessary
when the appearance of formed concrete falls
considerably below expectations. This treatment
is performed after all required patching and
correction of major imperfections have been
completed.

The surfaces are thoroughly wetted and sack
rubbing is commenced while they are still dainp.
The mortar used consists of | part cement: 2

.parts, by volume, of sand passing a No. 16

screen; and enough water so that the consistency
of the mortar will be that of a thick cream. 1t
may be necessary to blend the cement with
white cement €0 obtain a color.that will match
that of the surrounding concrete surface. The
mortar is¢ubbed thoroughly over the area with
clean burlap or sponge rubber float, so as to fill
all pits. While the mortar in the pits is still
plastic, the surface should be rubbed over with a
dry mix of the abdve proportions and material.
This serves to remove all of the excess plastic
materlal and Place enough dry material in the
pits to stiffen and solidify the mortar so that the
{illings will bg flush with the surface. No
matertal should reinain on the surface exeept
that wathun the its Curing of the surface s then
continued.

RUBBED FINISH

A rubbed fimish 1s required when a umiform
and attractive surface must be obtained although
it is possible to produce a surface of satisfactory
appearance without rubbing if plywood or Jined
forms are used. The first rubbing should be done
with coarse carborundum stones as soon as the
conerete has hardened so that the aggregate is
not pulled out. The concrete should then be
cured until final rubbing. Finer carborundum
stones are used for the final rubbing. The
concrete should be kept damp wiile being
rubbed. Any mortar used to aid in this process
and left on the surface should be kept damp for
I to 2 days after it seis in order to cure
properly. The mortar layer should be kept to the
minimum as it 1s likely to scale oftf and mar the
appearince of the surface

‘)!“1
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EXPOSED-AGGREGATE FINISH

An exposed-aggregate finish provides a
nonskid surface when the specifications rall for
it To obtain this finish, the concrete is allowed
to harden sufficiently to support the finisher.
The aggregate is exposed by brushing and
flushing the concrete surface with water. Since
timing i5 impuriani, test panels should be used
to determine the correct time to expose the
aggregate.

CURING CONCRETE

As previously mentioned, concrete hardens
as a result of the HYDRATION of the cement
by the water Freshly placed concrete contains
more than enough water to hydrate the cement
compietely, but if the concrete is not protected
against drying out the water content, especially

at and near the surface, the water content will
drop below that required for complete
hy dration.

The procedure called CURING 15 designed to
prevent surface evaporation of water during the
period between beginning and final set. Concrete
takes a beginning set in about 1 hr, a final set
takes about 7 days.

Curing is brought about by keeping the
concrete surfaces continwously moist. De-
pending upon the type of structure, this may
be done by spraving or ponding; by covering
with contitually moistened earth, sand, burlap,
straw, or by covering with a water-retaining
membrane.

Concrete made with ordinary coment shouid
be kept moist for a minimum of 7 days. It
should be protected from direct sunhight for at
least the first 3 days of the curing period. Wet
burlap is excellent for this purpose. Wood forms
left in place also furnish good protection against

133.257

Figure 7-61.—-Sprinkling buriap mats used for curing.
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sunlight, but they should be loosened at the
time when they maght safely be removed, and
the space between the forms and the concrete
shou'd be flooded wath water at  frequent
intervals, ,

Curing by ponding 1s usudlly confined to
large stabs. An carth dike is built around the area
to be cured, and the space inside the dike 15
Tilled with water.

A highway pavement. lud 1n the open awr
and perhaps under ¢ hot sun. 1s especially likely
to dry out rapidly. It is vita} chat the pavement
reccive full and continuous protection for the
full ume set in the specifications, but 1t is during
the first few days ths: pavement is most affected
by drying. The first 24 hours are the most
important of all.

In hot weather. the pavement should be
protected as soon as the lgst frimshing operation
15 completed. This 15 best accomplished by
placing & wet-burlap or cotion-mat cover over
the concrete and keeping the cover moist by
sprinkling with a fine spray. as shown 1n figure
7-51  This  procedure  will prevent FAIR

Figura 1-52 —Waterpraof-curtng Paper used aftar

e, - et . .

CHECKS, or fine surface cracks which occur
when the surface dries out much faster than the
nndezlying mass.

The coverings nay be either burlap or
cotton mats. Burlap covers consist of two or
mcere layers of burfap having a combined weight
of 14 0z or more per square yard in a dry
condution. Burlap should either be new or have
been used only for curing concrete. Cotton mats
and buriap strips should have a length, after
shrinkage, of at least | ft greater than necessary
to cover the entire width and edges of the
pavement lane. The mats skould overlap ecach
other at least 6in. The mats should be
thoroughly wetied before placing and kept
continuously wet and in intimate contact with
the pavement edges and surface for the duration
of the required curing period.

When the waterproof-paper blankets or
unpermceable sheets are used, the surface of the
concrete should be wetted with a fine spray of
wiater and then covered with waterproof-p aper
blankets (fig 7-52). Polyethylene-coated-burlap
blankets or polycthylene sheets if available. The

133.258
burlap curing
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burlap of the polyethylene-coated burlap should
be thoroughly saturated with water before
placing The waterproof-paper blankets,
polyethylene-coated-burlap blagkets, or poly-
ethylene sheeting should be gh pieces iarge
enough to cover the entire width and edges of
the slab. (Polyethylene sheets carefully lapped
will eliminate the necessity for two curing
treatments. This material is also lighter, cheaper,
and mor# easily handled than polyethylene-
coated-burlap.) The shects should be placed
with the light-colored side up. Adjacent
sheets should overiap not less than 12in.
with the lapped edpges securely weighted
down and cemented or taped to form a
continuous cover and a completely closed joint.
These coverings must be adequately weighted
down to prevent displacement or billowing from
winds. Covering should be fol Jed down over the
stde of the pavement edges and secured by a
-] continuous bank of earth or other approved
. means Tears and holes must be patched
immediately The coverings should remain in
place dunng the entire specified curing period.

Hay and straw absorb moisture readily and
refain it well. The minimum depth of a layer
shiould be at least & in. Whatever wet method of
curing is used, the entire pavement from edge to
edge must be KEPT wet during the entire curing
period.

Much pavement curing i1s done by the
mechanical application of membranes to the
surface. The entire exposed surface of the
concrete should be uniformly coated with a
pigmented membrane curing compound. The
curing compounds are either wax or resin base.
The concrete should not be allowed to dry out
before the application of membrane. If any
drying has occurred, the surface of the concrete
should be moistened with a spray of water.

The curing compound is applied to the
finished surfaces by an approved automatic-
spraying machine (figz. 7-53) as soon as
the free water has disappeared. The spraying
machine should be self-propelled and ride on the
side forms or previously constructed pavement,
straddling the newly paved lane. The inachine
should be equipped with a spraying nozzle or
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Figure 7.53.—-Apglication of curing compound.
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nozzles that can be controlled and operated
completely and untoermaly cover the pavement
surflee with  the regqmired amount of aning
compound. The curmg compound i the storage
drum used for the spraymg operahon should be
thoroughly and continneindy agitated mechan-
wlly  throughout the lull depth of the
drum durning the apphcabon. Air agitation inay
be used only o supBlement mechanal
agitabwon Spraying pressitre should be sutficient
to produce a fine spray and cover the sarface
thoroughly and completely with a wwiform filin,
Spray  equipment must  be  maintamed i
Dist-class mechaniwal condition and the spray
noz2le should b provided with an adequate
wind gitard  The cunng compound should be
applied with an overlapping coverage that will
give a twa-coat appheation at a coverage ol not
more than 200 sq 1t per gal for both voalts.

The applicahon of cuning compound by
hand-operated pressire sprayers 1s satislactory
only on odd widths or shapes of slabs and on
concrete surfaces exposed by the remasal of
forms, s authorized When application s made
by hand-vpented sprayers, thie second coat
apphed i 4 directin approvunately at righl
angles to the direction ot the Nirst coat. Ihe
contpound should torm a untorni, contnuious,
cohesive hilm that will not check, crack. or peel.
and  be  free trom  pmnholes  and  other
imperfeciions 11 dewontimarties, prahotes. of
abrasiotis et an additional coat shouwid be
appiied 1 the atledted areas withie 20 minnte,
Converete surlaces it are subpected to hicavy
ranfall within ¥ hour. aiter the airmg com-
pound has been apphed should be resprayed

Necessary  precattions should be taken to
asstire that the concrete s properly cured at the
jonts, but that no cunng comopeound enters the
jomts that are to be sealed with joint-seghing
compound. The top of the joint opening und the
Joint groove at exposed edges shouid be tightly
scaled as soon as the joint-<sawming operations
have tecn completed, After application of the
seal, the concrete n the regon of the joint
should be sprayed with curing compound. The
method used for sealing the joint groove 15 also
cifective 1n preventing loss of inoisture from the
Jjount during the entire speafied curng penod,

Approved  standby  facilities foo cunimg
coacrete pvement shonld be provided g
locateon readhly  accossible to the wie of the

e e e —.

work. These would be for use  the event of
mechanical lathne of the spraymng equipment or
any other condibions that might prevent correct
application of the membrane-curing compound
al the proper time

Concrete surlaces to which membrane cuning
compounds  have  been  appled  shonld  be
adequately protected for the duration of the
enbire  citnng pened  Trom pedestrian  and
vehicular  tralfic.  except  as  required  for
Jomt-sawing operstions and surface tests, ai
from  any  other possible  damage to  the
continuity of the membrane. Any area covered
with cuning compound that is damaged by
subsequent consipietion operations within the
curing period must be resprayed.

REMCVAL OF FORMS

Forms should. whenever possible, be left jn
place tor the entire cunng penod Cabout 7 days).
Forms which are to be reused, however, imust be
stripped 1or reuse as soon as possible In apy
event, lorms must noet be stripped wntd the
womerefe has hardened enough to hold 1ts own
welght amd any other weightit may be earrying.
The surlace must be hard enough to remain
umnpired and aegmarked when reasonable care is
wsed i snppang the (orms

Under ordimuiry  arcumstances, forms for
vanious types ol consiniction gy be removed
alter mtervals as (olfows

i Taunch buards (sicde Tanmsi on

girders beanns e bday
Sottits on girders and begens 7 days
Floor ssb torms 10 days
Wall forms tday
Cobunn forms 3 doys
Alter removing  the foims, the concrete

should be mspedted tor sutlace delects, These
detects mas be rock podkets. mienor quality,
ndges at torm joints, bulges, bolt hofes and
tonsstapping damage  Expericnce his proven
that no steps can be ommtied or arelessly
perfotmea wathaut harmung th : serviceability ol
the wark 1t not propaily  performed, the
repared arca will Yater becom @ loese, will erack
't the codges and will ot be watertight :
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Sometime repairs may not be necessary, but if
they are necessary, they should be done
immediately after stripping the forms (within 24
hours).

Various defects can be repaited in various
ways, therefore, we will discuss repairing seveial
defects that you may encounter when inspecting
new concrete.

RIDGES and BULGES may be repaired by
careful chipping followed by rubbing with a
grinding stone. ..

Defective areas such as HONEYCOMB must
be chipped out of solid concrete, the edges cut
as straight as possible at right angles to the
surface or slightly undercut to provide a key at
the edge of the patch. If 2 shallow layer of
mortar is placed on top of the honeycomb
concrete, moisture will form in the v-ids and
subsequent weathering will cause the mortar to
spall off. Shallow patches may be filled with
mostar placed in layers not more than 1/2 in.
thick. Each layer is given a scratch finish to
match the surrounding concrete by floating,
rubbing or tooling or on formed surfaces by
pressing the form material against the patch
while the mortar is still in place.

Large or deep patches may be filled with
concrete held in place by forms. These patches
should be reinforced and doweled to I1he
hardened concrete {fig. 7-54). Patches usually
appear darker than the surrounding concrete,
Some white cement should be used in the
mortar of concrete used for patching if
appearance 1s unportant. A trial mix shouid be
tricd to determine the proportion of white and
gray cements to use. Before mortar or concrete
is placed in patches, the surrounding concrete
shouid be kept wet for several hours. A grout of
cement and water mixed to the consistency of
paint should then be brushed into the surfaces
to which the new material is to be bonded.
Curing should be started as soon as possible to
avoid early drying. Damp burlap, tarpaulins and
membrane-curing compounds are useful for this
purpose.

BOLT HOLES should be filled with grout
carefully packed into place in small amounts.
The grout should be mixed as dry as pessible,
with just enough vater so that « will be tightly

FORM TIE

.

133.26f
Figure 7-54.—Repair of large volumes of cncrele.

compacted when [or,ed into place. Tie-rod holes
extending threugh the concrete can be filled
with grout with a pressure gun sinilar to an
automatic grease gun,

RCCK POCKETS or honeycomb and other
defective concrete should be completely chpped
out. The chipped-out hole should have sharp
edges and should be so shaped that e grout
petch will be keved in place. This is shown in
figure 7-55. The surfuce of all holes that are to

7-50
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133.261
Figure 7-55.—Repairing concrele with dry-packed

mortar.
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be patched should be kept mois. for several
hours before applying the grout. Grout should
be placed in these holes in layers not over 1/4 in.
thick and should be well compacted. The grout
should be allowed to set as long as possible
before being used, to reduce the anmount of
shrinkage and make a better patch. Each layer
should be scratched rough to improve the bond
with the succeeding luyer, and the last layer
smoothed to match the adjacent surface. Where
absorptive form lining has been used, the patch
can be made to match the rest of the surface by
pressing a piece of the form limng against the
fresh patch.

Feathered edges around a patch will break
down. (Sce view A, fig. 7-56.) The chipped area
shoutd be at least | n. deep with the edges at
right angles to the surface. {See view B, fig.
7-56.3 The correct method of screeding a patch
is shown in view C. fig. 7-56 The new concrete
should project shghtly beyond the «urface of the
old concrete. It shoula be allowed to shiffen and
then troweled and finished to natch the
adjoiming surfaces
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Figure 7-66.—Patching concrete.

Only crewmembers actually engaged in
stripping the forms should be permitted in the

immediate work area.

Stripped forms should be piled immediately
to avoud congestion, ¢xposed nails, and other

hazards,

Wires under tension should be cut with
caution to avoid backlush.

CONCRETE SAW

The concrete saw is used to cut longitudinal
and transverse  joints in  finished concrete
pavements. Several types of blades sre available,
the most common of which have either diamond
or carborundum cutting surfaces. The diamond
blade is wused for hard cutting and the
carborundum blade for cults after aggregate has
been displaced by vibration. The unit is small
and can be operated by one person. (See [ig.
7-57) Once the cut has been <tarted, the
machine will provide ils own tractive power. A
water spray is used to flush the saw cuitings
from the cutting arca and to cool the cutting

blade.

Considering that conctrete saws cost almost
as much as & new car, it 18 surpnsing how litlie
atention s often given to proper breaking-in,
Inantengnce and slorage.

You would not take a new car and run it at
90 mph, but many operators will run a new
eagine at top speed and maximum load from the
very beginning.

The tollowing suggestions apply to all makes
oi concrete saws, and if followed carefully, viill
nrelong thewr nseful life many times,

A new engine should be operated at low
speeds (1000-1200 rpm) for an hour without
any load. The speed should then be incregsed
gradually over a penod of 2 hr until it s up to
governed speed. Only after this break-in period
should the engine be subjected to any load If
the saw has a water pump (for cooling the saw
blade). u should be disconnected during this

perod.

e A ir——n.
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Figure 7.57.—Concrete saw.

Always  operate the eagine at  proper
governed top speed. Blade Life can be seriously
reduced of the engine s running too slowly. For
the same reason. do not use 12-in. diameter
bludes on 18n. blude capacity saws, which lave
a stower blade shaft speed.

Conctcte sawing creates o Sudge which is
deposited on the engine cooling fan and in the
».. passages. This can cause serious overheating
unless removal regularly. Air oleaners must be
rispected daldy  Crank case o1l should be
checked daily and changed every 5O hours. Use
only regular gasoline,

Many saws have hydraulic pumps for raising
and towening of the blade and vanable speed
transmissions for self-propulsivn. It is tnost
miportant to use vorrect ods as specified in these
systems. Under no circumstances should brake
fiuid be added. The transmissions can be
darnaged seriously if the proper fluid level is not
maintained. Always refer to the manufacturers’
manual for information on maintenance and
repairs of the machine.

Most concrete saws have a shight tendency to
lead off from a straight line when sawing, since
the blade is located to the riglt and outside of
the four wheels. Therefore, they require 2
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minimum amou.id of “steertng” to keep themn
cutting in a straight hine. However, most saws
have an adjustiment built 1n to coinpensate for
leactoff. When steering becomes too  hard,
consult the nanufacturer’s handbook for
corrective action.

Two types of biades are usced lor the cutting
of concrete: diamond blades. and  abrasive
blades.

Diamond blades have segiments, made from a
sintzred maxiure of industnial diamonds and
metal powders, which are brazed to a steel dise.
They are generally used Jor old concrete,
asphalt, and green concrete contmning  the
harder aggregates, and must always be used wet.

Many grades of diamond blades are avalable to

sult the conditions of the jub.

Twelve-inch diameter 15 the snost popular
size of diamond blades 1t aHows a depth of cug
of about 3 1.4 in. Larger size blades are used for
aeeper s,

Low-cost, abrasive blades are now widely
used to cut green conercte with sot, of the
softer aggregates, such & limeslone, dolomite.
coral. or slag. These blades are made from a
mixture of siliwon carbide grains and a resin
bond, which 15 pressed and baked. In many
wdses, cven sorie b the medim-hard aggregates
can be cut af the step wetthing miethod
emplosed two o more saws it the same joit,
but each one cuts oniy a part oF thy total depth.
This principle 15 also wsed on the Tongituding
~aw  which has wo mdividually adjustabie
cutting heads. When a tota! depthof 2 1/ 240
cut. the leading btade cuts about anneh deep
and the trading blade, which i shiss. tly narrower,
culs 1o the remaiming depth

Abrasive blades are madein 144 and 18-n
diameters and an vanions thicknesses 0 cut jorats
from 14 m to 172, wide.

When s the best ime to saw gieen votrete”
In the case ot ghrasne blades, there 1s only one
Amswer  as so0n Ws the concrete will support the
cquipment and the joint can be ot witly a
minsnum of taselmg  in the case of duimond
blades, fwo factars munt be con den d [a the

o

b e

interest of long blade life, sawing should be
delayed, but control of random cracking makes
it necessary to saw at the transverse joints as
early as possible. Wher transverse joints are
spaced closely, every second or third joint can
be cut initially and the rest later. Sawing ol
longitudinal joints can be detayed as much as 7
days or longer.

PRECAST CONCRETE

Conerete which is ¢ast in the position which
It 15 to oceupy in the fipished structure 1scalled
CAST-IN-PLACE concrete. Concrete which 15
cast and cured elsewhere, and erected as a
prefabricated umt. i called PRECAST concrete.

Wall construction, for example, is frequently
done with precast wall PANELS originally cast
honizontally {(sometimes one above the other) as
slabs. This method has many advaniages over the
conventional method of casting in place in
vertical wall forms. Since g slab form requires
only edge forms and a single surface fonn, the
amount of form work and form matertals
required 18 greatly reduced The labor mvolved
in slab form concrete casting 1s inuch less than
that involved in filhing a high wali form. One side
ol a precast umt cast as a siab may be fimshed
by hand to any desired quality of finish. The
placement ot rainforcing steel 1s mnuch easier 1n
slab lorms, and 1t s caser to atiain thorough
filling and thorough vibrating. Precasting of wall
panels as slabs may be expedited tv muss
production methods not available when casting
in place.

Relatwely light panels for concrete walls are
precast as slabs (fig. 7-58). and attached to
crected concrete frames (fig. 7-59). The panels
are set 1n place by cranes, using spreader bars,
harrpin hifting, or a vacuum hift {fig. 7-60).

Weight considerations also add up to an
divantage for prestressed conerete construction.
The high precision of placement and high tensile
strength of steely normally wsed in prestressing,
dong  with  the uwse of concrete under
comtpressive stress to carry  the tensite loads,
make for mavinum cificieney m size and weight
of structursl members. thus providing space
¢ootunny  ond  toapsporiahion cconomy aa the
butding ot modern structures.

;)Jlfl’
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133,409

Figure 7-69.—Precast pansls being erected by use of crane and spreader bars.

7-54
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Applications of the various prestressed
features enable quick assembly of standerd
units, such as repetitive bridge designs, building
frames, and roof and bridge decks to provide
important construction time economies. It is
possible that the structure can even be largely
fabricated clsewhere while the site is being
pepared.

PRECAST CONCRETE FLOOR
AND ROOF SLABS, WALLS,
AND PARTITIONS

The commonly used precast sltabs or panels
for ELOOR and ROOF DECKS are the channel,
double-T, and tongue-and-groove types. (See fig.
7-61.}

The channel slab varies in size with a depth
ranging from 9 to 12in, width from 2 to

CHANNEL

TONGUE ANO GROOVE

Figure 7-61.~Typical precast panels,

133.263
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5 ft. and thickness {from 1 to 2in. 1t hasbeen
used in spans np to 50 ft. if desired or needed,
the legs of the hannels may extend across the
ends. and if used in c.ombmation with the top
slab it may be stiffened with ovcasional wross
rbs. Wire mesh may be used in the top slab for
reinforcement. The longitudinal grooves lucated
along the tap of the vliannel legs may be grouted
to form keys between adjacent slabs.

The double-T slab varies in size from 4 to
6 ft in width and © to 16 ft in depth. It has been
used in spans as long as 50 {t also. When the top
slab size ranges from | 1/2 1o 2 in. in thickness.
1t should be reinforced with wire mesh.

The tonguc-and-groove panels could vary
extensively in size aecording to the design
reqqurement, They are placed in position much
hke tongue-and-groove lumber ;s placed. That s,
the tongue of one panel is placed against the
groove of an adjacent panel. They arc often used
as decking panels in large pier construction.

Welding mutching plates are ordinarily used
to connect the supporting members to the flour
and roof slabs,

Panels precast in g horizontal position, i a
vasting yard or on the floor of the buitding, are
ordinarily used in the makeup of bearing and
nonbearing WALLS and PARTITIONS. Thes
panels are placed in their vertical pusition by
tranes o by the tiltup procedure,

Usually. these panels are sohid reinforced
slabs 5 to 8in in thickness. The length varies
aveording to the distances between columus or
other supporting members. When windows and
door openings are cast in the dlabs, extra
reaanforcements shouid be installed around the
openings.

A concrete floor slab with 4 smeoth regular
surface wan be used as a casting surface. In
casting on smooth surface, the casting surface
should be covered with some form of liguid or
sheet material to prevent bonding between the
surface and the wall panel. The upper surface of
the panel may be finished as regulur concrete is
finisired by troweling. floating, or broonmng

SANDWICH PANELS are panels that consist
of two thin. dense. reinforeed concrete face
slabs separated by a vore of insulating material,
such as lightweight concrete, cellular  glass,
plastic foam, vr some other rigid insulating
niaterial, and these panels are sometimes used
for eatcrior walls tu provide additional heat
insulation. The tnchness of the sandwich panel
varies from 5 to 8 in. and the {ace slabs are tied
together witly wire, small rods. or in some other
manner. Welded or bolted mat hing plates are
also used to connect the wall panels to the
building frame, top and bottuin. Calking on the
outstde and grouting on the inside should be
used to make the puints between the wall panels
watertight,

PRECAST CONCRETE JCISTS,
BEAMS, GIRDERS, AND COLUMNS

Small clusely spaced beans used in floor
vonstruction are usually  called JOISTS;
lwowever, these same beamns whenever used in
root construction are called PURLINS. The
Liuss sectivns of these beams are shaped tikea T
or an 1. Fhe ones with the inverted T-sections
are usually uwsed in composte construction
wliere they support cast-in-place floor or roof
shabs.

BLAMS and GIRDERS are termis usually
apphied to the sanic anbers, but the one with
the longer spatt should be referred to as the
girder. Beamis and girders may be vonventional
precast design or prestressed. Most of the beams
will be 1-shaped unless the ¢nds are rectangular.
The T-shaped ores ¢an also be used.

Precast conurete COLUMNS mnay be solid or
hullow, 1f the hollow type 15 desired, heavy
cardboard tubing shouuid be used to form the
wore. A looped rod is cast in the column footing
did prujects upward inio the hollow core fo
help hold the column upright. An opening
shoutd be left in the side of the column so that
the column vore van be fifled with grout, this
way the lvoped rod becomes embedded to form
an anchor. {The vpening is dry-packed.)

ADVANTAGIES

Precast conurete has the greatest advantage
whon there ane adenticddl members to be cast,
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because the same forms can be used severa:
times. In addition 1o using the same forms
precast concrete has other advaniages, such as

1 Control on the quality of conerete.

Smoother surfaces. and plastening 1s not

necessary.

3 Less storage spac2 1s needed

4 Concrete member can be cast under all
weather conditions

5 Better protection for curing

6 Weather conditions do  neot  alfect

erection.

I-aster erection time

ta

~1

HANDLING

Precast concrete shou'd not be hfted or
otherwise subjected to stram until the concrete
has attained the speciied strength or unti] alter
the specified cunng penod. Bxcept s otherwise
specified, casting forms should not be removed
earher then 24 hours after placing the concrete
Precast concrete moved prnior to completion of
the cuning period. or betore the concrete has
attamed specilied strength. should be handled
according io an approved procedure. with
cquipment ot an approved type Care should be
taken 10 wsure that the precast member 1 not
overstressed or otherwise damaged diunng the
specilied  wuning penad  Precast members,
meluding ples. should aot be skudded, rolled,
driven, or subjected to full design load vaty they
have attained their 28-day streagths, as indicated
by oy hinders made from the same conerete, at
the same tume as the precast conerete, and enred
i the same mamner lHandhng ot cured precast
menmbers should by ather o specihed or
mdicated. or as approved

STEAM CURING

Use  of steam wunng v partiularhy
advantageous under certan condihons, chielly
becatine of the lugher cuning temperature and
the tant thal monture conditions are favorable
This type of wuring 15 permitted by NAVFAC in
the Mmuanutacture of precast units Iy benefite are
also reahized i connection with the use of live
steam tor cold-weatlier protection of conerete
Stearn-cared precast umis atton strength so

rapidly that the forms can be removed and
reused very soon after concrete placing.

The necessary duration of steam curnng
depends on the concrete mix, the temperature,
and the desired resuits.

PNEUMATIC-APPLAED CONCRETE

Ceonerete or ¢cement mortar van often be
apphed by a pneumatic procedure. In this
procedire, called GUNITING, a dry or damp
mixture of cement and sand is placed in 3
charging chamber and mechamcally fed intn an
airstream. This mixture is suspended in the
aistream and  passes through a hose to the
nozele,  where water is  injected  through
nmomerous small holes. Mixing occurs in the
nozzle. and the properzimount of water added 15
unider control of the nozzlenan.

The mixture hvdrates as it is being shot onto
the surface. thus. chninating the weakening
excess of water that i needed to make
hand-placed or pouwsed econcrete. or mortar.
Shouid o continuous operation be required.
Juglchambered guns can be used -one chamber
discharging, whitle the other s refilling

The nozzle can be operated close to the
machote, or At distances up 1o 2.000 1t
horzontally  and 506 ft vertically from the
muachne wethout affecting s perfermaace.,

Matenal van be applied in thicknesses from a
traction of an i up te 10 or 12 in. The ares to
which 1t 1 apphed may be 3 small crack or
paich. or several thousand square vards of a
concrete structure  Sutiaces can be flat or
irregular, 1n 2ny dumension, and depending upon
the uppheation, there coudd be heavy sieel
rainforcement,  thingage wire mesh, o8 no
ranforcement af sk, Thi type (GUNITL) of
placed material 15 dense. nenporous, extiemely
sireng. and adherss 19 alimost any surface better
than other concreievement mortar matenals
placed by other means.

CONCRLTE PUMPING MACHINES

For any Lonstrucsion project that requires
the rehianding and placement of conerele
butween g veady-mixn tuck and the fornn,

iy
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concrete  sumping machmes can place thys
concrete with a minimum of equipment without
damaging or aitering the mix design.

The SEABEES use various makes and
models of concrete pumping machines. It s
beyond the seope of this manual to present
information on all designs of ¢oncrete pumps.
Therefore, the Challenge Sqlllﬁcu{‘rctc 250
senies trailer-mounted concrete pump has been
setected for discussion in  this section.
Information on the operation, maintendance. and
safety precautions of this pump are presented

Figures 7-62 and 7-63 show the
tratler-mounted gasoline-powered concrete
pump The basic umit consists of a d4-cylinder
air-cooled gssolme engine, a  closed-loop
hydraulic system a centralized control panel. 4
pump chamber, and a recciving hopper.

The Squeeze-Crete trailer is @ tw o-wheel unit
having a froit pedestal support, two rear
pedestal supports for leveling and mantang
the pump in its operating position. safety tow
chains, and a tialer handbrake

PREPARATION FOR USE

When geiting the traller-mounted convrete
pump ready for use, thoroughly nspect the
complete unif for any loose connections.
particularly the fuel and electnical systems
Tighten loose coanections, parts. bolts, nuts.
and other hardware. Also inspect for evidence of
damage to meter and inspection glasses, lights.
and other breakable parts. Check 1o see that the
trailer tires are properly inflated. Operate the
movable control devices by hand to make sure
they operate freely.

Be sure to fill the engine lubricating system
with the proper grade of ol and also the
hydraulic system to the level recommended. Fill
the fuel tank with suitable fuel, -

There are several factors to be considered
positioning the trailer. Make provisions to have
adequate water on the job site, and determine
whether the concrete will be supplied by truck
mixer, poertable batch plant. or another method.
Locate the machine the shortest distance
possible from the point of placement of the

ete to provids quick and effictent handling
o the discharge hose, and io provide adequate
operating room and venttlation for, di.sipation cf

7.58

the engine’s heat and exhaust. Poswion the
traller on level ground. but it the ground 1ssoff,
use planking under the supports to increase
stabihity. Set the trmer parking brakes, block
the wheels. and set the pedestal supports on a
finn footing to altow the front support 1o raise
*1e fegntend of the railer frame and partially
Wft the pump off the trailer springs 1o increase
stability.

Will ngging ve required” Esumate the time
reqared (o make the necessary nigging. Each job
will present specfic problems of ‘line
arranzement. On vertical rises, dlways use pipe
sec.10ns with the necessary rigemg to support
the pipe. Each pipe section must be imdividually
secured (o the vertical scaffolding.

Since rubber hose develops more frietion on
the concrete, it should be held to & minimum,
and where possible, ngid pipehine or shckline
should be used, The imitial line connection to
the vutlet orpressure side of the machine may
be made with a combination of metal tube
bends or with one section of rubber hoses
However, metal pipe sedtions should begin /as
close to the machine as posstble and continug to
the placement site,

Whe  there b

vertical «drop in{ the
placement line wilich y be ncoossaryd for
placement below gfound lexeh the tube bonl at
the lop of the drop must He'vented by drlling a
small hole 1n the oute
(approxmately /8
prevent separati

the pumpin hole! may
occasionally It «<an be
unplugged wy

It is imp ut the line {(and

also m moving 1t) to keep thehose sections free
of sharp bends 3 avoid pluggmg or excess
pressure. Try to maintain 2 minmum 6-ft radws
bend in laying out the.rubber hose sections. If
pluggimg oceurs in the placement line. reduce
line pressure by reversing and then stopping the
pump. Locate where the plug has developed and
then strike the hose with a sledge. The sudden
Jar us'lally h:rps to expel the plug. When line
presJLlre 1s intreased, the/plug will be driven
through. This can only be done on rubber hose
sections.

Steel pipe and rubber hos; sections are
furnished wiih grooved fittings. The hne sectidns

!
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KYORAULIC MOTOR FOR ROTOR ORIVE PUMP TUBE SHOCK ABSORBER ASSEMBLY

. (ONTROL PANEL
PRIMARY POWER UNIT AND ENGINE CONTAROLS PUMP TUBE BOOTS

T

HOPPER

PUMP CHAMBER
TRAILERJACK STANO

HYDRAULIC PUNMP FOR AGITATOR CIR(WT WSPECTLON ANO MAINTENARCE PUSTS

Figura 7-82 —Trziler-mounted Squeeze-Créte concrate pump, left side viaw. 133.502
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HEAT EXCHANGER

FILTER
HOPPER GRATES

CHAIN DRIVE COVERSLY & | R R -
; Y.

HYDRAULIC O1L RESERVEIR

TRAILER JACK STANG ISTOWED)

133503
Figure 7.63.~Traiter-mounted Squeeze Crate concrete pump. right side view.
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BOLT TYPE COUPLING

SNAP JOINT
TYPE COUPLING

133.504
Figure 7-84,—Concrete line sections couphings.

are fastened with vouplings. On vertical pipe. use
the two-bolt type coupling (fig 7-64). On
horizontal pipe use the snap-joint-type coupling
{fig. 7-64. T

To .omplete the setup during your
preparation for use. attach the transfer hose ta
the pump outlet asssmmbly with a coupling
Attach the other end of the transfer hose to the
slickimne.

CAUTION: Do not connect a rigid pipeline
or slicklin: directly to the outlet assembly, A
flexible trarsfer hose must be used to absorb the
longitudinal movement of the outlet assembly or
the pulsations of the pump tube may cause
mechanical failure.

Tighten the clamps on all slicklines. The
coupungs betveen the pump tube and mlet and
outlet assemblies and_the trynsfer hose and

slicklines nust be fully mated and securely
fastened to prevent accidental escape of
concrete under maximum pressure (of 200 to
250 1b per sg in.). The accidental uncoupling of
the material pressure line may resuit in the
whipping or uncontrollable thrashing of a’hose
line like a fire hose out of control. It may strike
and 1njure personnel. A deluge of concrele may
pour through the opening with dangerous
vonsequences. When pumping vertically, you
inay empty -the cntire contents of the vertical
pipehine  through the opening . accidentally
crealed. You must always be awore of the
consequences of pressure within the delivery
line, whether from pump pressure or fromn the
potentiul energy of gravity tlow. so be sure that
the pipeline connections and pipeline hoses are
secure and that the pipeline 1s never
madvertently disconnected under pressure.
Venfy that the supply of hydraulic o1l in the
tank 1s adequate so the pumps will get o1l when
the eagine is startéd.

CAUTION Both the primary and secondary
pumnp require an adec ite supply of hydraulic
ot for lubrication purposes. Never run the
engine unless there is an adequate supply of
hydravhe ou in the tank and the purnups are
supplied with o full flow of hydraulic od.

If. at the end of the first minute of
operation. the ¢harge pump fals to develop
pressure. shut down the engiie gnd Investigate,
Without lubrication, the wmp may be ruined,
" Lubricate the agitat-.c shaft bearings 1 the
receiver hopper by apply.g a grease gun to the
zerk fittings and fill the shaft scal comstant-
pressure lubricatorsas well.

Verify that the plugs in the leanout holes in
the bottom of the reeeiving hopper are securely
in place. Also verify that the expansion plugsin
the bottom of the pump chamber are in place.

PRINCIPLE OF OPERATION

“Like squeezing toothpaste out of a tibe™ is
the usual description of the principle on which
the Challenge Squeez-Crete 250 series concrete
pump operates. Figure 7-65 shows a collector
hoppet into,which the cuncrete s recgived and
then remixed by the roteting apitator blades
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Figure 785, ~Recowver hopper pumping action.

which also act 10 move the convrete mto the
pumprg tube The pumptig aube 1 made of
steel  retnforced ruboer and has an insade
diameter of i It dooped  mside

drum-shaped pumping chapiber from which the

awr has been evacvated. A rotor assembly with
two large rollers revolve: comtimuously within
the chamber so the roliers alternately squecsze
the pump tube against the wnner surface of the
drum and thus force the trapped concrete to
move wittug the tube shead of the advancing
roller

Reloading of the fube with conuigte 1

aceomplished as tollows 3¢ the roller passes by,
the flattened and collansed pump tube s drawn
back mto 1ts normal. tubular shape by a vacuum
withip the pumptig chamber -~ Atmospherie
pressufe  on  the ooncrete o the  hopper
combined with the action of the ndving agitator
blades, forces a oharge ol conerete mnto the
pumping tube  {hen the next tuss of a roiler
flattens the tube .grin and squecres tius foad of
concrete out of the pump tube and dischagges it
through the materal hose and shickhme

The pamp assembly conasts of three mam
~Oompoients

1 The pumpinz chamber case is ined with
rubber oo MBrossien pads. The pads are Jhnnel
“haped :;::cﬁcm whith {ine the entire 1ner
circumference of the pump case where the puamp
tabe fies. The pump tube fies in the.channei and
the ratsed rais on cach wide of the pads provide
trection for the rotor rollers, as well as heip to
hold the pump tube i place,

2. The rotorsroller assembly  uses 2
olanctary dnve prmciple applied through chamns
and sprockets from the mamn rotor axle to dnve
*ae follur~ which press agzinst the pump tube.
The rollers 2+ ~added with rubber. also

3. The pump tube p a steel remntorced
rubber how opproxmmately 9 ft long. A the
rotor revolves, the pump tube is held 1a place
ssdeways by the ratic of the ¢conpression pad and
alw by eight tube gwides curned by the rotor
The pump tube moves longtudinally 2 fewn
with cach passage of a roller. [his motion s
sbsorbed uand dampened by a spring and>shock
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absorber assembly to which the purap tube end
i fitted. The pump tube enters and exats the
cvlindrical drven through rubber boots which are
capable of sealing 2 vacuuin in the chamber..

" OPERATION OF TRAILER-mOUNTED
CONCRETE PUMPS

T This section provides nforination  on
indieatorsand controls found on tratler-mounted
concrete pumps. and procvedures Jfor starung.
operating. and securing the punp.  Sone
differences can cbviously be expecied in the
operationn of vartous makes and modeis of
concrete pumps. so bear 1n mind that we are
meuinly  conceraed here with the Challenge
Squetge-Crete 250 serws  trailermoutited
concrete puman. For detailed instructions on
covrete pump  operations, <consult the
operator’s manual supplied by thy wanutecturer
ot the conureie pump concerned.

NOTE  Before starting or operating the
voncrete  pump.  be sure yva and  your
rewniembers wear hard hats. safety shoes, and
goggles.

Starting the Concrete
Pump Primary Power Source

o Iirst, perforin the routine prestart checky of
the engine crankease od level, transmission oil
level. fuel supply. battery water level, and
hydrauliv oil l:el. Be surg that the proper
amount of lubricant, electrolyte, and hydraujiw
oil is added, when required. I. xt. place all
vontrols in the NEUTRAL posiuons. Then turn
on the gnition switch and check the enging
gages for proper operation. Qurt the engine and
let it warm up gt fast idle. dbszrve the coutrol
panel gages for excess pre.sure readings.
Momentanly. move the Maas DUMP coutroi 1RLO
the FORWARD position and nofe the pressure
indicated on the gage marked “pump hydraulic
pressure.”’ The pressure should rixe o 190 psi or
more gnd the rotor should begin to 1nos . ff $0.
then yow can place thy cotrol back i ib
NEUTRAL position.

CAUTION If no pressure develops :n the
first minute of operzuion, indinating the charge

pumip 15 hot developing pressure, slint down the
cnging and roestigate. Without Jubrication, the
harge puinp mdy be ruined.

Allow the hydraulic oil to warm up (o its
temperature operating range of between 40° and
160°F. Check od pressurc and tachometer
readings. Mantain a ninimwuin engine speed of
1.000 rpm. F£nior to pumping concrete, set ths
engine to deliver power 4t ity rated maximuin
contintous 2400 rpin operating specd.

Conerete Punip
Indicators and Costrols

For safe and eificient operation of the
tradler-mounted conerete pump. you must be
funit.ar  wath  its  different ndicators  and
coutrols. Figure 7-6o shows the location of
various ndicators and  controls on  the
Squecze-Crete 250 series  trailer-mounted
concrete pump. I you are famiiar with the
indicators and controls on this type concrete
pumip. you should have hitile dirficalty with
wdicators gnd controls on other types. The
purposes or functions of spectfic indicators and
controls shown n figure 7-66 are given below;
the aumber 1n parentheses correspond to those
used 1n the itlustration to indicate the location
ol idawvedual indicators and controls,

The VACUUM GAGE (1) indicates the
vacunm ot pressure in the saction hine to the
uouble pump Under normal operating
vonditions, the reading should be between 25
and 2710, If the vacuum *does not develop,
investigate for air ieaks.

The TACHOMETER (2) mdicates the speed
of the gasoline engme. The maximum opetating
speed of the engine for pump operation is
2.400 rpm. .

The OIL TEMPERATURE GAGE (3)
mdu atis the femperature of the hydraulie o1l
from 120° to 140°F which 1 wdeal for this
hydraulic sy sters.

The COLLECTOR HUPPER ({YDRAULIT,
PRESSURL GAGr (4 remisters the hydrauiic
pressure (approximately . .J pst) in the collector
hopper hvdraulic circuit. )

The HIYDRO-STAT SYSTEM HYDRAULIC
PRESSURE GAGE (5) registers the hydraulic
pressure (190 psi or more) in the (losed-lootx
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Figura 7-668.—~Controi and snstrument panel.
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cacust of the hydro-stat systermn that powers the
coftcrete pump.

The VACUUM VALVE CONTROL (&)
allows the ar valve to vent the pumping
chamber. When 1t 15 in the ON position. the
Yacuum puinp acts to rcguue the awr pressure
within the pumping c¢himber. En the OFF
position. the velve 15 open to sllow air to be
drawn into the chamber and through the
vaCUum pump. .

THE COLLECTOR HOPPER SLIDE CYL-
INDER VALVE CONTROL (7) s used
ntermittently to place "the concrete reecerver
‘hopper-in the desired location duning placement.
The hopper can be posttioned forward and
backward withimn a range of approxundately 8 in
by a hydrautic ram.

The COLLECTOR HOPPL.R AGITATOR
MOTOR VALVE CONTROL (8) allows sturry
mixang betore placement operation begins and
to remin. and agiate the concrete to be
pumped [t has three detent positions whh
allows FULL tlow or NG tlow through the salve
and drverts the flow to the reservorr when e

valve cont‘rol 18 phaced 1 the OFF poution
w E ]

/” - L

- Witetlier

Ty

The HYDRO-BTAT SYSTEM (ONTROL
{9} allows the operator to control the primary
hydrauhic pump which 15 the source for
controfling moveraeat of the jofating roller
FORWARD oumping 4ction, RE-
VERSE pumping setizn, or STOP. (See fig
T-65.)

Starting and .Adjusting
the Corcrete Pump

The ioflov ing procedure 1s piven for siarting
and  adjusting the pump belore running the
wonctete puinp

Place the vdeuum “onitrolvalve controp
handic 16) to the ON positten. Observe the
savuum pressure gage and weil untd he v acuum
reaches 25 to 27 psi. If tne vacuum Joes not
develop. mvestigate for aiy Jeaks. Muke sure all
ey port covers are sealed. Cheek to see that
the boois arc sealed around the pump tube
where the tube enfers and exats the pump
chamber Check to see  that the cleanout

expansion plugs are in place. .
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Ready the slurry mix which lubricates the
ins.de of the concrete pump and shickline system
prior to pumping conyrete for placemer* The
generdl rule to follow for this mix s 2 or 3 bags
of vement for the first 100 to 150 ft of jine and
one additional bag of vement for each additional
100 ft of line. Attach the slurry paddle to the
feft agitator blade prior to mixing and remembet
to remove 1t after the mixing process.

Always place a greased cleanout sponge in
the suction cone prior to adding water and
mixing slurry. Thes helps prevent water, and
uhmived wvement from entering the pumping
tube or plugging the suction wone By overating
the purnp 1n reverse after the slurry s mixed, the
sponge will be expelled from the suction cone.
On downhill runs of shuklines, leave the sponge
i the suction cone and pump it through the
system ghead of the slurry. This wall mncuge
proper woating of all nseds surfaces in the
slickline system.

Place 15 wo 20 rpalions of water in the
hopper. Add cement cowly while the agitator
blades are turming. O NOT DUMP THE
CEMENT IN ALL AT ONCE, as it will form
lumps and defeat the pumose of the slurry. The
slurry should be the consistency of thick cream.
Continue adding cement and water untn a
suffivient amount of sluriy has been made o
v0at the nside surfaces of the concrete pump
and all the slickbines. Continue the agitation and
vyole the sturry several times at siow speed. This
action feeds the slurry into the pump and
discharge hine. Only when moast of the slurry has
been pumped out of the hopper Should the
wanerete be dumped mto the hopper. Fowever,
introduce the concrete before pumping ali of the
sturry out of the hopper. The transition from
slurry to voncrete shoudd be contiwuous, This is
done by wnstructing the transit-mix operators to
keep the hopper at Jegst two-thirds Rl of
concrete at all times. Now you are ready to
commence pumping the concrete for rlacement.

Running the Concrete Pump

By moving the main hydraulic-pump-control
lever t9) in the FORWARD dire:tion. the
congrete starts through the system, Be sure the
gasulme engne is rung  at  ats  rated
2,400 rpm) maximutn  cONiINUOUS  Opelatlg

Y S

speed. Before placing the agitator-control-valve
lever (8) in the FORWARD position, make
vettain the hopper grates arc in position. When
these grutes are NOT in position, it is possible
for you or other persons near the hopper to
become entangled with, or struck by, the
moving blades of the agitator. NEVER reach
into the hopper while the agitator is moving.
Climbing, standing, or kneeling on the hopper
grates while the agitator i in motion could
result n personal injury. Be sure the
mixer-truck-discharge chutes do NOT come in
vontat with the hopper during delivery. The
agitator must NEVER be operaled with the
guard removed from the sprocket and chain
drive. Make surz that the coucrete being
discharged  through the system is on a
continuous basis, 1f not, the machine will pump
ar which 15 being compressed and the concrete
being propelied from the end of the line wiil
segregate badly, and theie is the danger of it
splattering and cauwsung  possible dinjury to
placeinent crewmembers,

After the stuery has been pumped out and
the slurry paddes removed, place the
agitator-valve-contral fever (8) it the REVERSE
position. Fili the hopper two-thirds full ¢f
concrete and allow the blades to rotate in
REVLRSE long enough to blend the balance ot
the slurry with the concrete When this is
aceomplished, stol the rotation of the agitator
biades and then place both agitator rotation and
pump control in the FORWARD direction. This
allows the pump to deliver the cencrete to the
placement site. Be sure to adjust the hydraulic
pump ontrol lever {£) to deliver the concrete at
the desired rate.

Be sure you keep a ready supply of concrate
in the hopier at ail times while punping. Never
allow the sapply level to go below the ugitator
blade shaft.

Pumping may be stopped at any tune when
it is newessary te rejocate and/or shorten the
discharge line. {f the wasting period is fengthy,
agitate the mix in the REVERSE direction. But
do not over agitate as prolonged agitation affects
the quahty of the concrete mix.

NOTL. Therc may often be delays in mix
deliveries. Plugging due to delays van be avoided
by making sure that the wollector hopper is fuli
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of concrete. H the hopper 15 full, small
quantities can be pumred through the hine every
10 to 1§ imnutes. Thas wall pres ent Hi.e materizl
from setting-up or plugging the hpg untit the
next load darntves. Hf the pump plugs on the
hopper side, it will be evident from the
collapsing of the  discharge hose and  the
ncreased strarn on fe punp rotor. To eliminate
such & pug. REVERSE the pump direction for
one fotor cycle and aninemately go back to the
FORWARD posinon, This action may be
reocated  severs!  tmes. When o the lire s
unplugged, observe the conereie m the happer
and remon: the object {with the agitator blades
stoppedy  Also, tf there are delays 1n conerete
delivery ang the weather s hot and sunny, the
hepper should be covered with a rarp or some
suitatie materiy £ prevent the sun Lrom beating
direetly on the sy and dryang it out

When the power-source enghie stalb Junag
placemunt, ithe tohiewing shomid be tolfow.d for
cestarting the pumsmg cvele

Plaze fiwe speed contyol in thy MEUTRAL
POSITION ang then plzce the agitaior-uintrol
fver o the OFF powtton hext. relevy the
vasuun i the pump Jhamber OF necessan ) o
take the entire {ed oft the engine Now restary
the engine and bring ¢ up toits rated massnum
continuons spm specd  After the 2ngne has
started, Tuen the vecuum-corirol lever to the ON
posttion  unit pormal  sacuanl  pressure b
attawned Then place the ggator- ontrod lever in
the FORWARD position Slowly advance the
speed control from NEUTRAL to FORWARD
posttion and then correlate the power required
with the pumiping tesistance by advaneing the
hydraulic-pump  specd-controf level dowly to
heep the engine from stilling again

Concrete Pumping Procedures

Belore oeginning concTets pumping. vou
should establish with the placement operator a
aet of pumping <gnals for "STOP.” “START.”
“SLOW DOWN.™ 'SPEEDUPR.” etc.

Periodically  dunpg  sxtended-puinpig
opetattons, chech the hydrauhe filter to venfy
the hvdraulic fud 5 ddean Al lubricate ta2
grease fitiong on the hepper and keep the
varstdnt pressure breators ifed with grease

Keep an eye on the instrumient and control
panel, and observe the gages for proper pressures
and temperatures. As you become more
experienced in the operation of the pump, its
sound during operation should alert you as to
whether adjustments are needed to keep the
systems functioning smoothly. Be sure that your
acceleration and deceleratior. are made siowly
and evenly to avoid possible strain on the power
tram.

In some loads of concrete. there may be
sonie oversize Trocks, mixer tailings. or foreign
objects. The pump will normally handle these;
however, should several large rocks enter the
pump tube at the same time, the tube may plug.
An obstruction of this type ¢an be removed by
reverstng the pump and rotation direction of the
hopper agitator blades until the hose at the
discharge end begins to collapsc. At this time the
pump ¢an be turned off, o owing only the
agitator blades to operate in reverse. Continued
operatton of the agitator will either distribute
the obstruction or cause it {0 work to the
surface of the hopper where it can be removed.
On occasion. 1f the pluggmg is severe, the pump
and agitator may have to be operated m forward
angd reverse several timues. However, continued
operation of the rotor over a severely plugged
tube may  damage the tube or completely
wllapse the discharge hose away from the
rubber oot at the discharge cone and treak the
vacuum an the pump chamber, In that case, the
puntp tube ma; have to be removed to clear the
block. 1f the bicckage s in the slikline. the
shickline may have to be dismanteled.

The abthity to reverse the pump Jdoes noi
permii the entire discharge hose and shekline
sssembly to be pumped clean i the reverse
direction Asnoted. the reverse suction action of
the pump rotor will collanse the first section of
the discharge hose attached to the outlet side of
the pump and thus stop the reverse flow of
concrete beyond that poini.

Locatton of the blockage van so.nehumes be
determined by tapping the slickline with a
hamyner. Listen for a change of piteh in the
sound. Blockages within a matenal hose can
somsiane . be broken lose br poundmg on the
hose at the location of the blovkage while
pumpng,
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WARNING.
which requires the dismantiing of the slickiine or
material hose, extreme care should be taken that
the line does not whip of thrash like .t broken
fire hose and cause an acuddent. Beware of o

In the event of a blochage
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To prolong the life of the pump tbe (fig.
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Figure 7-67.—Concrate pump tube adjustmenis.
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should be changed after cach batch of 60 to
80 cu yd of concrete has been pumped. To do
this, turn fhe€™vacuum valve control (6) to its
OFF positi "'gnd then stop the agitator. Then.
loosen and remove the outlet shock absorber
assembly from its trunnion (pin or pivot) holder.
Now, move the hopper on its slide base about
2 in. by simultaneously operating the collector-
hopper uviinder-valve control (7) in the
desired ditection and slowly operate the pump
fotor in the opposite direction. You can now
reconnect the outlet shock absc er asseinbly in
its trunnion, using the Moles nearest the pins.
. You must reseal the bools where the boots
touch the tube by applying silicone grease about
a 1/2in. long and about the diameter of a lead
pencil 10 the area between the pump tube anu
the backing pad at the 12:00 o’clock position.
Spread the lubricant with yrour finger tips and be
careful not to spread it on tue rollers or on the
compression pad rails. The rollers are drive
wheels and inust have traction on the rails. Now.
turn the vacuum-. '+ control {(6) to the ON
position, check for vacuum. and resume
agitating and pumping.

At the end of each work shift. the tube may
be loosened from the inlet and outlet fixiures
and rotated 60 to 90 degrees and reconnected of
the tube may be removed and reinstalled in the
different positton.

CAUTION: Roller damage may oceur 1t the
purip tube s permitted to wear until the steel
bel: is exposed. Fraquent inspection of the tube
1$ advisable. Very light exposure of the steel belt
will not damage the rollers. However, continued
pumping until heavy exposure is evident will
result in a rasping effect on the rollers. Broken
steel strands will severely damage the rollers,

1t 15 better NOT io store the concrete pump
with the pump tube instalied. A permanent bend
can develop in the tube if it isleft in the case. [t
is also advisable to move the rotor occasionally
50 that a permanent set does NOT deveiop in the
rubber of the roners and compression pads from
continued pressure on one location,

Clearsup After Pumping

After pwnping s ecompleted. ciean the

hopper by removing the two cleanout plugs at

7-67

the YOtiom of the hopper. Wet a cleanout
sponge and stuff it into the suction cone. The
sponge should be placed in the suction cone
before any water is used to wash out the hopper.
After the remaining concrete is thoroughly
washed off the shaft, agitator blades, and
hopper, replace the cleanout plugs and fill the

" hopper full of clear water.

Stop the agitator blades and operate the
pump until the water level in the collector
hopper falls to the top of the suction cone Then
insert a second sponge in the suction cone, refill
the hopper with water. and operate the pump to
deliver the remaining concrete and water to the
end of the placement line. The second sponge
will hold a uniform column of water in the line
and thus provide a more thorough cleaning
action than can be obtained by using only one
sponge.

If it is permissible to discharge the remaining
concrete and water into the placement ared, or if
a suitable waste area is available adjacent to the
placement area. the remaining concrete and
water may be pumped through the line without
interruption. After the second sponge einerges
from the end of the line. the sponges should be
rinsed cleoan and the cleanout procedure
repeated to insure that the line is entirely free of
concrete residue.

If the placement lme is rigged on a vertical
rist and it is impossible to discharge the
remaining concrete and water near the pour site,
the line may be disconnected at the bottom of
the nise and the concrete allowed to drain back
down the line before any water {8 run through.
An alternate method is to pump the concrete
through the line ahcead of the sponge and water
and remove il from the pour area by some
suitable conveyance The last bit of concrete in
the line will be slightly diluted by a small
amount of water which will bleed through th.
sponge. When this diluted material begins to
emerge from the line, the pump should be
stopped. the line disconnected near the pump,
and the water and sponges allowed to drain back
through the line. Once again the cleaning
procedure with the wacer and sponges should be
repeated to completely scrub tne inside of the
linc.

Dunng the cleaming process. it may be
desirable to know the location of ihe first
sponge in the line. This can be determined by

Yy .
. J
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Figure 7-68.-Lubrication chart for concreta pump (250 suries).
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tapping the stecl pipe with a metal object. The
pipe filled with concrete will produce a dull
sound when tapped. After the sponge passes and
the pipe is filled with waler. the tapping will
produce a sharper ring

When the final cleanout operation is
complete, the placement le should be
disassembled and each section thoroughly

drained. It may be advisable to “*walk out™ the
rubber hose sections to remove the remaining
water.

Each coupling used on the discharge line
should be thoroughly cleaned. and the coupling
gaskets should be washed off ynd greased when
couplings are disassembled.

Never permit the suction vone n the hopper
to become uncovered. This caufion must always
be observed any time the pump is being
operated regardiess of the material, even water.
The machine will pump air when the suction
cone in the hopper 1s uncoverced.

Compressed air should NOT be used to clean
the placement line because of the danger of
damage to any object or person struck by the
concrete with the foree of air behind it
Concrete propelled from the end of the line by
compressed air will also segregaie badily and
adversely affect the quanty of the mix. There is
also the danger of the wr shooting through the
column of concrete rather than moving it as a
mass. This not only c¢auses the concrete 1o
segregate, bul makes the ensming cleaning much
more difficult

Pump Shutdown

Observe the 1ollowing shatdown steps lor
securing the concrete pranp at'ter placement und
¢leanup has been cotnpleied,

I. Place the  sperd conbol o the
NEUTRAL postuon

[

s g -.-._..-*..;j"_....-.._,._k—n......_...-._._l'....-_.,.--.-._.,.. -

2. Place the agitator contrel in the OFF
position.

3. Relieve the vacuum in the pump
chamber by placing the vacuum control
lever to the OFF position.

4. Place the ccllector hopper slide cylinder
in the OFF position.

Stopping the Pump Engine

To stop the conetete-pump engine, here are
the steps to fotlow:

l.  educe the engine speed lo 1,000 rpm,
minunum, before shutting down. This permits
the engine to cool down and provides gradual
and uniform cooling of engine parts.

2. Tum the ignition switch to the OFF
position.

Concrete Pumyp Care and Maintenance

As with rtost equipment, the operator’s and
maintenance manual supplied by the equipment
manufacturer contains the complete instructions
for service and maintenance (ircluding
lubrication) of the pump. The life and
performanee of a concrete pump depends on the
care that is gwen, P per lubrication, performed
at definite  inter-als, will aid greatly in
prolonging the life of the pump and in reducing
oporating expense.

A lubrication guide for the Challenge
Squeeze-Crete 250 series traileranounted con-
crete pump is presented in figure 7-68. The
guide shows a lubrication chart indicating
lubrication specifications, capacities. and
intervals to be followed by those operating the
pump.




CHAPTER 8

MASONRY

The American Standard BuilG.ig Code
Requirements for Masonry defines masonry asa
“built-up construction or combination of
budding unjts of matenals, such as clay. shale,
glass, gypsum or stone, set in mortar or plain
concrete.” However, by a second definition.
masonry is construction made up of
prefabricated masonry umts. such as concrete
blocks, structural clay tile. or brick. laid in
vanious ways and jc.ned together with mortar.
Such mausonry 1s sonctumes called unit masonry.

Tlus chapter describes the various tools,
equipment, and materials that the Bwlder uses
when working with prefabricated masonry units.
Als0 described are masonry construction
methods and safe work:ng practices.

MASONRY TOOLS AND EQUIPMENT

The mascn's tools include trowels, a brick
chisel, 2 hammer and a jointer: these tools are
illustrated in figure 8-1,

The mason's TROWEL may be a BRICK, 2
BUTTERING, or a POINTING trowel, as shown
in figure 8-1. The trowel 1s used for mixing,
placing, and spreading mortar, the hammer is
used for tapping masonrv units into the beds
where necessary, anc for chipping and
rough-cutting. For smoother cutting, the brick
chisel is used. Breaking into bats and closures are
dond with the chisel peeri on the MASON’s
HAMMER. Splitting and rough breaking are
done with the head or flat of the hammer.

The JOINTER, of which there are several
types other than the one shown in figure 8-1, is

uscd for rﬁaking various joint {inishes which will
be described later.

The mason must mainctain @ constant check
on the courses to insure that they are levsl and
plumb; otherwise ‘he courses will appear wavy
and the plane surfaces warped. The equipment
for this vital purpose consists of a length of line,
a steel square and level, and a straightedge like
the one shown in figure 8-2. The square is used
to lay out corners and for other right-angle
work. The mason’s level is used exactly as the
carpenter’s level is in wood construction. The
struightedge is used in conjunction with the level
for leveling or plumbing long stretches.

A MORTAR BOARD for holding a supply
ol ready-to-use mortar shoule be constructed as

\ JINTER
%G
/
BRICX CHISEL
HAMMER
28164

Figure 8-1.~Meson’s tools.
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Figure 8-3.—-Mortar beard.

shown in figure 8 3. 1f mortar is to be mixed by
hand, 1t should be mixed in 2 MORTAR BOX
like t%, one shown n figure 8-4. However. if the
b i3 expected to be used over 2 period of time,
1t Hhould be lined with some type of metal. The

Figure 8-4.—Mortar oox.

metal will make mixing easier and also prolong
the life of the box. Other required equipment
includes shovels, mortar hoes, wheclbarrows,
and buckets.

A mortar mixing maching as shown in figure
8-5, is used for mixing large quantities of
mortar. The mixer consists primarily of a metal
drum containing mixing blades mounted on a
chassis equipped with wheels for towing from
one Job site to another. The mixer is powered by
cither an electric motor or a gasoline powered
engine. Mortar is mixed by the rotation of the
blades inside the drum. After mixing. the mortar
is discharged into 2 wheelbarrow. usually by
tilting the mixer drum. As with any type
machine, refer to the manufacturer’s operator
and mamtenance manual befure, during. and
after operation.
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CONCRETE MASONRY

Concrete masonry has become increasingly
important as a construction matenal. Important
tachnological developments tn the manufacture
and utihization of the umits have accompanied
the rapid incréase in the use of concrete
masonry. Concrcte masonry walls properly
designed and constructed will satisfy varied
building requirements including fise. safety,
durability, economy, appearance, utility,
comfort, and good acoustics.

Concrete blocks are classified by weight,
hght or hieavy, The heavyweight blocks are made
from cement, water. and aggregates, such as
sand, gravel. or crushed limestone. Lightweight
blocks are made by combinng cemen! and water
with a hghtweight aggregate, such as vermiculite,
expanded slag, or pumice. Lightweight blocks
are wsually about 307 lighter than the
heavyweight type and are usually lower in
compressive strength and more expensive to
produce.

Concrete blocks may be manufactured either
by maclune or by hand. A concrete block

12329
Figure 8-8.—Block Machine.

machine as shown 1n figure 8-6. is fed a dry mix
from the hiopper into the block mold and in turn
is automatically tamped unti the material is
hard enough. Then, the mold is removed and the
block is put gside to set up without losing its
shape. In the hand incthod. a plastic min s
poured inio sets of iron molds which can he
stripped after the inix has set.

BLOCK SIZES AND SHAPES

Concrete masonry units zre made in sizes
and shaped to fit different construction needs
Units are made in full and half-length sizes as
shown in figure 87. Concrete unit sizes are
usually referred to by their nominal dimensions
A unit measuring 7 5/8 in. wide. 7 5/8 in lugh,
and 15 5/8in. long is referred to as an
8x 8 161in. unit. When #t is laid in a wall with
3/8-in. mortar joints, the unit will occupy a
space exdactly 16 in. long and 8 in. high. Besides
the basic 8 x 8 x 16 units, the llustration shows
4 sinaller partition unit and other units which
are used much as cut brick are in brick masonry

The corner unit is laid at a corner Or some
other siinitar point where a smooth rather thau a
recessed end is required. The header wnit 15 used
in & backing course placed behind a brck face
tier header course. Part of the Moek 1s cut away
to admit the brick headers. The uses of the other
specials shown 4re self-evident. Bewdes the
shapes shown in figure 8-7. a number of siatler
shapes for various special purposes are available.
Units may be cut te desired shapes with a
bolster or, more convenieatly and accurately,
with a power-driven masonry saw such as that
shown in figure 8-8. Be swe to follow the
manufacturer’s nanual for operation and
maintenance of this saw.

BLOCK MORTAR JOINTS

The sides and the recessed ends of a eonerete
block are called the SHELL; and the material
which forms, as it were. the partitions between
the cores is called the WEB. Each of the long
sides of a block is called a FACE SHELL, and
¢ach of the recessed ends is called an END
SHELL. The vertical ends of the face shells, on
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Figura 8-7.—Typical sizes and shapes of concrete masonry units.

either side of the end shells. are called the
EDGES, Bed joints on first courses and bed
joints in column construction are mortared by
spreading a l-in. layer of mortar. This is called
FULL MORTAR BEDDING. For mast other
bed joints. only the upper edges of the face

8-4

shells need to be mortared. This is called FACE
SHELL MORTAR BEDDING.

Head joints may be mortared by buttering
both edges of the block being laid or by
buttering one edge on the block being laid and
the opposite edge on the block already in place.
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Figute 8-8.—Masonry saw.

MASONRY MORTAR

There are two common Kinds of masonry
mortar: LIME and PORTLAND CEMENT-
LIME. Lime mortar is a2 mixture of sand,
hydrated lime, and water proportioned to
preduce a plastic, workable paste. When the
mortar sticks to the tools, more sand is added;
but when it lacks cohesion and fails to adhere to
masonry units, more lime is added. When it is
too stiff for casy mixing and troweling, more
water 15 added. Lime mortar is normaily used
only n temporary work, where the masonry
units can be<alvaged to be used again.

Although portland cement mortar can be
rqade with portland vement, sand, and water
only (leaving out the lime), it is hard to work.
Workability and ““fatness™ of masonry mortar
are improved through the addition of lime.
There are two types of portland cement-mortar.
Type A 1s strong, intended primarily for use in
permanent, reinforced masonry structures. The
ingredient proportions for type A are,

| sack portland cement
3 cu ft of damp sand
13 Ib hydrated lime

Type B should not be used for reinforced
masonry, but it is strong enough for nearly all
other purposes. The ingredient proportions for
type B are:

| sack portland cement
6 cu ft damp sand
50 Ib hydrated lime

Sufficient mixing water should bt added to
obtain the desired consistency. If a large
quantity of mortar is required, it should be
mixed in a drum-type mixer similar to those
used for mixing concrete. The mixing time
should not be less than 3 minutes. All dry
ingredients should be placed in the mixer first
and mixed for | minute before adding the water.

Unless large amounts of mortar are required,
the mortar is mixed by hand using a mortar box
like the one shown in figure 8-4. Care must be
taken to mix all the ingredients thoroughly to
obtain a uniform texture. As in machine mixing,
all dry material should be mixed first. A steel
drum filled with water should be kept close to
the mortar box for the water supply. A second
drum of water should be available for shovels
and hoes when not in use.

MODULAR PLANNING

Concrete masonry walls should be laid out
to make maximum use of full- and half-length
units, thus minimizing cutting and fitting of
units on the job. Length and height of wall,
width and height of openings and wall areas
between doors, windows, and corners should be
planned to use full-size and half-size units which
are usually available (fig. 8-9). This procedure
assumes that window and door frames are of
modular dimensions which fit modular full- and
half-size units. Then, all horizontal dimensions
should be in multiples of nominal full-dength
masonry units and both horizontal and vertical
dimensions should be designed to be jn multiples
of 8 inches. Table 8-1 lists nominal length of
concrete masonry walls by stretchers and table
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Figure 8.8.—Planning concrete masonry wall openings.

8-2 hsts nomunal height of concrete masonry
walls by courses. When units 8 x 4 x 16 are used,
the horwzontal dimensions should be planned in
multiples of 8 in. (half-length units) and the
vertical dimensions in multiples of 4 inches. If
the thickness of the wall is greater or less than
the length of 3 half unit, a special length unix is
required at each corner in each course. Table 8-3
lists the average number of concrete masonry
units by size and approximate number of cu ft
of mortar, for every 100 sqft of concrete
masonry wall.

ESTIMATING MORTAK

You will be able to use rule 38 for
calculating the amount of raw material needed
to mux one yard of mortar without a great deal
of paper work. This calculating rule will not give
the accurate amount of required raw materials
for jarge masonry construction jobs, you will

have to use the absolute volume or weight
formulae, However, in most cases. particularly in
advanced base construction, you can use the rule
of thumb to quickly estimate the quantities of
the required raw materials.

Builders have found that it takes about
38 cuft of raw materials to make 1 cuyd of
mortar. In using the 38 calculating rule for
mortar, take the rule number and divide it by
the sum of the quantity figures specified in the
mix. For example, let us assume that the
building specifications call for a 1:3 mix for
morfar | +3=4, Then 38+ 4=91/2. You will
then need § 1/2 sacks or 9 1/2 cu ft of cement.
In order to calculate the amount of fine
aggregate (sand). you simply multiply 9 1/2 by
3. The produst 28 }/2 cuft is the amount of
sand you need o mix one cu yd of mortar using
a 1:3 mix. The sum of the two required
quantities should dalways equal the calculating
rule 38. Therefare, you can always check in




ERI

PAFullToxt Provided by ERIC

Chapter 8-MASONRY

Table 8-2.—Nominzl Height of Concrete Masonry Walls
by Courses
Table B-1.—Nomina! Length of Concrote Masonry Walls
by Stratchers (For concrote masonry units 74" and 34" in height laid
with %" mortar joints. Height ia measured from center

(Actunl length of wall is mensured from outaide edge to to center of mortar joints.)
outaide edge of units nnd is equal to the nominal length
minus X (one mortar joint).

Homina! betght of conarets Das0nEY wally

Units 754 bigh and | Unjts 344 bigh and
Nominal length of concrets musonry walls " thick folnt | W7 thick l:l:l

alts 130" Woag andiUntts ILH"” and
Eﬂl m'ﬂ‘”‘m badf uits ”'?}"m 8" 4
writh 34 Lhick bm!with%"lhlctbm! [ O e .
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33 ¢ .. 16 87,

88"
o0’ on.
L
45.731

13’ 4" 10° 0.
14! o!!. !o: GH.
148 .. |1ro ) .
order to sce if you are using the correct
15 4" 11' 8", amounts. In the above example, 9 1/2 sacks of

16’ 0 127 0", cement, plus 28 1/2 cu ft of sand, equal 38.
18 8 12 8.

:g g’ SAFE HANDLING OF MATERIAL
140",

Y Personnel handling cement or lime tags
15 0" should wear goggles and snug-fitting neck and
20’ 0" wrist bands. They should always practice
personal cleaniiness and never wear clothing that
has become hard and stiff with cement. Such
ciothing irritates the skin and may cause serious
infection. Any susceptibility of their skin to
cement and lime burns should be reported.
Personnel who are allergic to cement 2r ‘ime
should be transferred to other jobs,
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Table 8-3.—Average Concrete Masonry Units snd Morter per 100 sq §t of Wail

THICKNESS | WEIGHT

PER
E?ﬁf} URIT

(1b.)

CESCRIPTION.
>12E OF
sLock {in.}

WEIGHT,
POUNDS PER
100 5Q.
7. OF
WALL AREA

NUMBER OF
UNITS PER
100 3Q.
FT. OF
WALL AREA

MORTAR
{cu. ft.)

16
12
16
16
18
12
12
16
18
12
12
16

50
38
85
20
26
23
15
28
35
31
21
42

—

._
00 00 Py D 00 (D By uO OO 00D (D
= N N RN LY. ]
B Dml DU B DU DO RO D B DM DD DT

—
L= - g R N R R - -]

B e el peC D el D Dl el Seg e Dt

110 .25
146 5
110 .25
110 .75
87 .5
100 .5
146 .5
110 .25
&7 .25 33150
100 .25 3450
146 3500
1o 3.2% 5000

5850
6000
9700
2600
2500
2550
2550
3450

Bags of cement or lime should not be piled
more than 10 bags high on a pallet except when
stored in bins or enclosures built for such
purposes. The bags around the outside of the
pallet should be placed with: the mouths of the
bags facing the center. To prevent piled bags
from falling outward, the first five tiers of bags
each way from any comer must be crosspiled
and a sstback made commencing with the sixth
tier. Hf necessary to pile above the tenth tier,
another setback must be made. The back tier,
when not resting against a wall of sufficient
strength to withstand the pressure, should be set
pack one bag every five tiers, the same as the
end tiers.

During unpiling. the entire top of the pile
should be kept Jevel and the necessary setbacks
every five tiers maintained.

Lime and cement must be stored in a dry
place. This helps to prevent lime from crumbling
and the cement from hydrating before it is used.

CONCRETE MASONRY CONSTRUCTION

After lotating the corners of the wall, the
Builder usually checks the layout by stringing
out the blocks for the first course without
mortar (fig. 8-10). A chalked snapline is useful

133.454

to mark the footing and aline the block
accurately. A full bed of mortar is then spread
and furrowed with the trowel to insure plenty of
mortar along the botiom edges of the face shells
of the block for the first course (fig. 8-11). The

133.265
Figure 8-10.-Stringing out blocks.
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133.266
Figure 8-11.~%pread and furrow mortar bed.

comer block should be laid first and carefully
positioned (fig. 8-12). All block shouid be laid
with the thicker ead of the face shell up to
provide a larger mortar-bedding area (fig. 8-13).
Mortar is appbed only to the ends of the face

shells for vertical joints. Several blocks can be
placed on end and the mortar applied to the
vertical face shells in one operation. Each block
is then brought over its final position and

133.267
Figure 8.12.—Position comer biock.

Figure 8-13.~Blocks buttered for vertical joints.

pushed downward into the mortar bed and
against the previously laid block to obtain a
well-filled vertica! mortar joint (fig. 8-14). After
three or four blocks have been laid, the mason’s
level 15 used us a straightedae to assure correct
alinement of the blocks. Then the blocks are
carefully checked with the level and brought to
the proper grade and made plumb by tapping
with the trowel handle (fig. 8-15). The first
course of concrete masonry should be laid with
great care, to make sure it is properly alined,
leveled, and olumbed, and o assure that
succeeding courses, and finally the wail, are
straight and true.

133.269
Figure 8-14.—Positioning block.
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PLUMBING BLOCK

133.270
Figure 8-16.—Cliecking first ¢couise of biocks.

After the first course is laid, meortar is
applied only to the horizontal face shells of the
block (face-shell mortar bedding). Mortar for the
vertical jo.nts may be applied to the ertical
l‘aceshe!{ls of the block to be placed or to the
block previously laid or both, to insure
well-filled joints {fig. 8-16). The comers of the
wall are built first, usually four or five courses
higher than the center of the wall. As each

Figure 8-16.—Vertical joints,

course is [aid at the comer, it is checked with a
level for alinement, for levelness, and for
pPlumbness, as shown in figure 8-17. Each block
is carefully checked with a level or straightedge
to make certain that the faces of the block are
all in the same plane to insure true, straight
walls. The use of a story or course-pole, a board
with markings 8 in. apart, provides an accurate
method of determining the height for each
masonry course (fig. 8-18). Joints are 3/8-in.
thick. Each course, in buiiding the comers, is
stepped back a half block and the Builder checks
the horizontal spacing of the block by placing
the level diagonally across the comers of the
block (fig. 8-19).

When filling in the wall between the comers,
a mason’s line is stretched from corner to comer
for each course and the top outside edge of each
block is laid to this line. The manner of gripping
the blyck is important. 1t should be tipped
slightly towards the Builder so the edge of the
course below can be seen enabling the lower
edge of the block to be placed directly over the
course below (fig. 8-20). Al adjustments to final
position must be made while the mortar is soft
and plastic. Any adjustments made after the
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Figure 8-17.~Checking each course.
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133.273
Figure 8-18.~Use of ttory or course pole,

Figurs 8-19.~Chocking horizonts! spacing of block.

133.275
Figure 8-20.—Adjus..ng block batwesn corners.

mortar has stiffened will break the mortar bond
and allow the penetration of water. Each block
is leveled and alined to the mason’s line by
tapping thein lightly with the trowel handle. The
use of the mason’s level between corners is
limited to checking the face of each block to
keep it lined up with the face of the wall.

To assure a good bond, mortar should not be
spread too far ahcad of actual laying of the
block or it will stiffen and lose its plasticity. As
each block is laid, excess mortar extruding from
the joints is cut off with the trowel (fig. 8-21)

133.278
Figues 8-21.—Cutting off excess mortar.
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and is thrown back on the mortar board to be
reworked into the fresh mortar. Dry mortdfthat
has been picked up from the scaffold or from
the floor should not be used.

When the closure bloch is being installed,
all edges of the opening and all four vertical
edges of the closure block are buttered with
mortar and the closure block is ecarefully
Jowered into place (fig. 8-22). If any of the
mortar falls out leaving an open joint, the block
should be removed and the procedure repeated.

Weathertight jomnts and neat appearance of
concrete block walls are dependent on proper
tovnng. The mortar joints should be tooled after
a section of the wall has been laid and the
mrtar has become “thumb-print” hard. Tooling
(fig. 823) compacis the mortar and forces it
tightly against the masonry on each side of the
joint. All joints should be tooled either concave
or V-shaped. Honzoatal joints should be tooled
first, followed by stnking the vertical joints with
a small S-shaped joiater. Mortar burrs remaining
after tooling is completed should be tnmmed off
flush with the face of the wail with a trowel or
removed by rubbing with a burlap bag or soft
bristle brush.

Wood plates ar: fastened to tops of concrete
masonry walls by anchor bolts 1/2in. in
diameter. 18 in. long and spaced not more than
4 ft apart. The bolts are placed in the cores of
the top two courses of block with the cores
filled with concrete or mortar. Pieces of metal
fath placed in the second horizontal mortar jomnt

133.277
Figure 8-22.~Installing closul's block.

LTRIFING YETERICAL JOINTS

" 133278
Figure 8-23.~Toofing mortar joints.

from the top of the wall and under the cores to
be filled (fig. 8-24) will hold the concrete or
mertar filling in place. The threaded end of the
polt should extend above the top of the wall.

CONTROL JOINTS

Control joints are continuous vertical joints
built nto concrete masonry walls to control
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SETMING ANCHOR BOLT

133.279
Figure 8-24.~Installing anchot bolts on top of wall.

cracking resulting from unusual stresses. The
joints are intended to permit slight wall
movement without cracking. Control joints
should be laid up in mortar just as any other
joint., Full- and half-length block are used to
form a continuous vertical joint (fig. 8-25). If
this type of joint is exposed to the weather or to
view, it should be caulked. After the mortar is

814

2 AAKIRG MORTAR FROM JOINT

133.280
Figure 8-25 --Control joint,

quite stiff, it should be raked out to a depth of
about 3/4 in to provide a recess for the caulking
material. A thin, flat caulking trowel 1s used to
force the caulking compound into the jomt.
Another type of control joint can be
constructed with building paper or roofing felt
inserted in the end core of the block and
extending the full height of the control joint

;)f]()
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(fig. 826). The paper or felt, cut to convenient
lengths and’ wide enough to extend across the
joint, prevents the mortar from bonding on one
side of the joint. Sometimes control joints are
used if available.

To provide lateral support, metal ties ¢can be

laid across the joint in every other horizontal
course.

INTERSECTING WALLS

Except at the corners, intersecting ¢oncrete
block bearing walls should not be tied together
‘in a masonry bond. Instead, one wall should
terminate at the face of the other wall with a
control joint at the point. Bearing walls are tied
together with a metal tiebar that is bent at right

133.251
Pigure 8-26.~Paper or felt used for control joints,

)

angles on cuch end (fig. 8-27). Tiebars are spaced
not over 4 ft apart vertically. Bends at the ends
of the tiebars are embedded in cores filled with
mortar or concrete, Pieces of metal lath placed
under the cores support the congrete or mortar
filling as previously shown in figure 8-24,

To tie nonbearing block walls to other walls,
strips Oof metal lath or 1/4-in. mesh galvanized
hardware cloth are placed across the joint
between the two walls (fig. 8-28), in alterate
courses in the wall. When the first wall is

FILLING CORE WITH MORTAR

133.282
Figure B-27.~Tieing intersecting bearing walls.
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MORT AR JOINT PETWEEN WALLS

133.283
Figure 8-28.—Tleing intarsacting nonbasring walls.

constructed, the metal strips are built into the
wall and later tied into the mortar joint of the
second wall. Control joints are constructed
where the w0 walls meet.

LINTELS

The top of openings for door and windows
in masonry construction may be made in two
different ways. One is to use a precast concrete
lintel; in this way the opening can be formed
before the door or window frame is set. The
other method is to use the lintel block like that
shown in figure 8-29. Here the frame is set in
place and the block wall is built around it. Lintel
blocks are used across the top and are extended
a minimum of 8in. past each edge of the
opening. Reinforcing bars and concrete are
placed in the lintel blocks. Window and door
openings in masonry should be planned to bring
the top or bottom course in line with the
openings.

REINFORCED BLOCK WALLS

Block walls may be reinforced verticaily or
horizontally. Te reinforce vertically, p'+ce
reinforcing rods into the cores at the specified

CONCRETE FILL

133.37
Figure 8-29.—Lintel iade from blocks.
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spacing angd fill the cores with a relatively high
slump concrete. Rebars (studs) should be placed
at each comer and at both sides of each opening.
The vertical rebars should generally be spaced a
maximum of 32in. O.C. in walls. Where spliced
block are reqyuired, the bars shouid be lapped 40
diameters. The concrete should be placed in one
continuous pour from foundation to plate line.
A cleanout block may be placed in the first
course at every rebar (stud) for cleanout of
excess mortar and to insure proper alinemient
and laps of rebars.

Horizontal rebars should be placed in bond
beam units which are laid with the channel up
and then filled with concrete. Bond beams may
be installed both below windows and at the top
of the wall at the plate line. Typically, the
reinforcing rebars used may be two 3/8in.
diameter deformed bars (lapped 40 diameters at
splices). You should always check the
specifications carefully for the size and number
of rebars to be used. A pilaster block may be
used to provide lateral strength and greater
bearing arca for the beam ends carricd on the
wall. One type of pilaster is shown in figure
830.

Practical expericnce indicates that control of
cracking and wall flexibility can be achieved

133.38
Figure 8-32.--Ona type of pilester.

817

with the use of horizental joint reinforcing. The
amount of joint reinforcement depends largely
upon the type of construction. Horizontal joint
reinforcing, where required, should consist of
not less than two deformed longitudinal No. 9
(or hcavier) cold-drawn steel wires. Truss type
cross wires should be 1/8in. diameter (or
heavier) of the same quality. Figure 8-31 shows
joint reinforcement at a vertical spacing of 16 in.

The location and details of bond beams.
control joints, and joint reinforcing should all be
shown on the drawings.

PATCHING AND CLEANING
BLOCK WALLS

Any patching of the mortar joints or filling
of holes left by nails or line pins should be done
with fresh mortar.

Hardened, embedded mortar smears cannot
be removed and paint cannot be depended on
to hide smears. so particular care should be
taken to prevent smearing mortar into the
surface of the block. Concrete block wails
should not be cleaned with an acid wash to
remOve smears Or mortar droppings. Mortar
droppings that stick to the block wall should be
allowed to dry before removal with 2 trowel
(view A, fig. 8-32). Most of the mortar ¢an be

133.39
Figure 8-31.—Masonry wall horizontal joint reinforce-
ment.
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removed by rubbing with a small piece of

concrete {broken) block after the mortar is dry
and hard (view B, fig, 8-32), Finally brushing the
rubbed spots will remove practically ail of the
mortar {view C, fig. §32).

WATERTIGHT BLOCK WALLS

To insure that block walls below grade will
be watertight, they should be covered with
plaster and sealed. Plastering consists of applying
two 1/4in. coats of plaster, using 1:21/2
mortar mix. The wal should be dampened
before applying the plaster in order to get a
good bond. The first coat should extend from
6 in. above the grade line down to the footing.
When it is partially set up, roughen the surface
with a wire brush and then allow it to set for at
least 24 hours. Dampen the wall again before the
second coat is applied. After the second coat is
applied, the wall should be kept damp for 48
hours.

In poorly drained or heavily wet soils, the
plaster should be covered with two coats of
asphalt waterproofing, brushed on. The wall
may be further protected by laying a line of
drainage tile around the outside of the footing.
Cover the tile joints with pieces of building
paper and cover the tile with about 12in. of
washed gravel before the back filling is done.

STRUCTURAL CLAY TILE MASONRY

Hollow masonry units made of bumed clay
or shale are cailed by various names, such as

structural tiles, building tiles, hollow tiles,
structural clay tiles, structural clay hollow tiles,
and structural clay hollow building tiles. They
are referred to as BUILDING TILES in this
manuai. In building tile manufacture, plastic
clay is pugged through a die and the shape which
emerges is cut off into units. The units are then
burned much as bricks are burned.

The ovenings in a building tile, which
correspond to the cores in a brick or a concrete
block, are called CELLS. The solid sides of a tile
are called the SHELL, and the perforated
material enclosed by the shell is called the WEB.
A tile which is laid on one of its shel faces is
called a SIDE-CONSTRUCTION tile; one which
is laid on one of its web faces is called an
END-CONSTRUCTION tile. Figures 8-33 and
8-34 show the sizes and shapes of basic side- and
end-construction building units. Special shapes
for use at comers and openings, or for use as
closures, are also available.

PHYSICAL CHARACTERISTICS

The compressive strength of the individual
tile depends upon the materials used and upon

‘the method of manufacturs, in addition to the

thickness of the shells and webs. A minimum
compressive strength of tile masonry of 300 Ib
per sqin. based on the gross section may be
expected. The tensile strength of structural clay
tiie masonry is small. In most cases, it is less
than 10 percent of the compressive strength.

20.143

Figure 8.33,~Standard shapes of sida-construction building tiles,

819
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Figure 8.34.—Standard shapes of end-construction building tites.

The abrasion resistance of clay tile depends
primarily upon its compressive strength. The
stronger the tile, the greater jrs resistance to
wearing. The abrasion resistance decreases as the.
amount of water absorbed increases.

Structural clay facing ti'e has excellent
resistance to weathering. Freezing and thawing
action produces almost no deterioration. Tile
that will NOT absorb more than 16 percent of
their weight of water have never given
unsatisfactory performance in resisting the
effect of freezing and thawing action. Only
portland cement-lime mortar Or mortar prepared
from masonry cement should be used if the
masonry is expos~d 1o the weather.

Wa}ls containing structural clay tile have
better heat-insulating qualities than do walls
composed of solid units, due to dead air space

that exists in tile walls. The resistance to sound
penetration of this *ype of masonry compares
favorably with the resistance of solid masonry
walls, but is somewhat less.

The fire resistance of tile walls is
considerably less than the fire resistance of solid
masonry walls. It can be improved by applying
a coat of plaster to the surface of the wall.
Partitions walls of structural clay tils 6 in. thick
will resist a fire for 1 hr provided the fire does
not produce a temperature higher than 1,700°F.

The solid material in structural clay tite
weighs about 1251b per cuft. Since the tile
contains hollow cells of various sizes, the weight
of tile varies, depending upon the manufacture
and type. A 6-in. tile wall weighs approximately
30lb per sqft; a 12-<in. tile wall wéighs
approximately 45 1b per sq ft.
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USES FOR STRUCTURAL CLAY TILE

Structural clay tile may be used forexterior
walis of either the load-bearing or nonload-
bearing type. It is suitable for both belowgrade
and above-grade construction.

Nonload-bearing partition wails of from 4-
to 12-in. thickness are frequently made of
structural clay tile. These wails are easily built,
light in weight, and have good heat- and
sound-insulating properties.

Figure 8-35 ifjustrates the use of structurai
clay tile as a backing unit for a brick wall. Figure
8-35 also shows the us¢ of header brick to tie
the brick tier to the iile used for backing.

MORTAR JOINTS FOR
STRUCTURAL CLAY TILE

. In general, the procedure for making mortar
joints for structural clay tile is the same as for
concrete block.

The bed joint for the end-construction is
made by spreading a 1-in. thickness of mortar on
the shell of the bed tile, but not on the webs.
- The mortar should be spread for a distance of
about 3 ft ahead of the laying of the tile. The
position of the tile above does not coincide with
the position of the tile below since the head
joints are to be stapgered as shown in view
A, fig. 836. The web of the tile above will not
contact the web of the tile below and any
mortar placed on these webs is useless.

Il |'|'
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’ 29,148
Figure 8.35.--Structural clay tile used &8 a backing
unit.
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133.289
Figure 8-36.—-Laylng ond-construction tile.
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The head joint for the end-construction is
formed by spreading plenty of mortar along
each edge of the tile, as shown in view B, fig.
836, and then pushing the tile into the mortar
bed until in its proper position. Enough mortar
should be used to cause excess mortar to
squeeze out of the joints. This excess mortar is
cut off with a trowel. The head joint need not
be a solid joint as recommended for head joints
in brick masonry unless thz joint is to be
exposed to the weather, Clay tile units are
heavy, which requires you to use both hands
when placing the tile in position in the wall. The
mortar joint should be about 1/2in. thick,
depending upon the type of construction.

The bed joint for the side-construction is
made by spreading the mortar to a thickness of
about | in. for a distance of about 3 ft ahead of
the laying of the tile. A furrow nsed not be
made.

There are two methods of laying the head
joint. In the first method, as much mortar as will
adhere is spread on both edges of tile as shown
in view A, fig. 8-37. The tile is then pushed into
the mortar bed against the tile already in place

until in its proper position. Excess mortar is cut
off. In the second method, as jnuch mortar as
will adhere is placed on the interior edge of the
tile already in place and on the opposite edge of
the unit being placed. This is also shown in view
B, fig. 8-37. The tile is then shoved in place and
the excess mortar cut off.

The mortar joints should be about 1/2in.
thick, depending upon the type of construction.

EIGHT-INCH WALL WITH FOUR-INCH
STRUCTURAL CLAY TILE BACKING

For this wall, there will be six stretcher
courses between the header courses. The backing
tile is side-constructed with tiles that are 4 in.
wide, 5 in. high and 12 in. long. The 5-in. height
is equal to the height of two brick courses and a
1/2-in. mortar joint. These tiles are laid with a
bed joint so that the top of the tile will be level
with every second course of brick. The thickness
of the bed joint, thcrefore depends upon the
thickness of the bed joint used for the brick.

The first course of the wall is temporarily
laid out without mortar as recommended for

8. METHOO B8 FOR MAKING HEAD JOINT

133.40(133F)
Figure 8-37.—Laying sida-construction tils,

solid brick walls, This will establish the number
of brick required for one course.

As shown in figure 8-38, the first course of
the corner lead is identical to the first course of
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THREE QUARTER
CLOSURES

ONE QUARTER
CLOSURES

COMPLETE CORNERLEAD, HOLLOW TILE BACKING

133.40{133F)
Figure 8-38.—Cormner [ead hoflow tile backing.

the comer lead for a solid 8-in. brick wall except
that one brick is laid.

All the brick required for the corner lead are
laid before any tile is placed. The first course of
tile and the completed corner lead are also
shown in figure 8-38.

EIGHT-INCH STRUCTURAL
CLAY TILEWALL

By referring to figure 839, you can see how
the corner leads of a structural clay wall are
erected. Tnis wall is constructed of
8 by 5- by !2-in. tiles (8in. wide, 5in. high,
and 12in. long) and 2- by 5- by 8-in. soap tiles.
Tiles a and b are laid first, then ¢ and &. The
level is checked as they are laid. Tiles e and fare
1.id and there level checked. Tile b must be laid
so that it projects 6 in. from the inside coruer as
shown to provide for the half-lap bond. Corner
tiles, such as b, g and h, shkould be
end-construction tile in order to avoid exposure
of the open cells at the face of the wall. The
vemainder of the tiles in the corner are then laid,
and the level of each is checked. After the’
comer leads are erected, the wall between is laid
using the line.

2!- X 5"‘ SOAP

133.41
Figure 8.23,.—Eight-inch structural clay tile wall.
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JIOINT FINISHING

The exterior surfaces of joints are finished to
make the masonry more watertight and to
improve its appearance. Concave and V-shaped
mortar joints (fig. 8-40) are recommended for
walls of exteror masonry in preference to struck
or raked joints that form small lodges which
may hold water. Some joints can be made with
the trowel, while others-have to be made with the
jointer. With modular-size masonry units, mortar
joints will be approximately 3/8in. thick.
Experience has shown that this thickness of
joint where properly made helps to produce a
weathertight, neat and durable masonry wall.

There is a process cailed POIN1ING that
may have to be done after jointing has occuited.
Pointing is the process of inserting mortar into
horizontal and vertical joints after the unii has
been laid. Basically, pointing is done to restore
or replace deteriorated surface mortar in old
work. Pointing of this nature is called TUCK
pointing. However, even in freshly laid masonry,
pointing may be necessary for filling holes or
correcting defective joints.

SAFE HANDLING OF
BLOCK AND HOLLOW TILE

Block and tile should always Ye stacked in
tiers on a solid foundat’on. Stacked piles should
be limited to a height of 6 ft whenever possible,
When block and tile are stacked higher than 6 i,
the pile must be stepped back, braced, and
propped, or stickers placed between the tiers to
prevent the pile from toppling.

Blocks should not be dropped or thrown
from high places or delivered through fully
enclosed chutes.

BRICK MASONRY

Brick masonry is that type of construction
in which units of baked clay or shale of uniform
size, small enough to be placed with one hand,
are laid in courses with mortar joints to form
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CONCAVE JOINT V-JOINT
13343
Figure B-10.—Tooled mortar joints for watertight
Loncrete.

walls of virtuzally uniimited length and height.
Bncks are kiln-bakced from various clay and shale
mixtures, The chenical and physical character-
istics of the ingredients vary considerably; these
and the kiln temperratures combine to produce
brick in a vanety of colors and hardnesses. In
some regions, pits ate opened and found to yield
clay or shale which, when ground and
moistened, can b2 formed and baked into
durable brick; in other regions, clays or shales
from several pits must be mixed.

The dimensions of a U. S, <tandard building
brick are 21/4by 3 3/4by 8in. The actual
dimensions of brick may vary a little because of
shrinkage during burning. Other special purpose
brick alse vary in size.

BRICK TERMINOLOGY

Frequently the Builder must cut the brick
into various sitapes. ‘The more common o” these
are shown in figure 8-41. They are called haif or
bat, three-quarter closure, quarter closure, king
closure, queen ciosure, and split. They are used
to fill in the spaces at comers and such other
places where a fuli brick will not fit.
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¥IKG CLOSURE  QUEEN CLOSURE SPLIT
133.28
Figurs 8-41_~Nomendature of common shapes of cunt
brick.,

The six surfaces of a brick are called the
face, the side, the cull, *he end, and the beds, as
shown in figure 842,

BRICK CLASSIFICATION

A finishee brick structure contains FACE
brick (brick placed on the exposed face of the
structure} and BACKUP brick (brick placed

- behind the face brick). The face brick is often of
higher quality than the backup brick; however,
the entire wall may be built of COMMON brick,

BEDS

$IDE
cuLL A /
7 T A | T

z AN

29.141
Figure 8.42,~Namss of bnick surfaces.

Common brick is brick which is made from
pit-run clay, with no attempt at color control
and.no special surface treatment like glazing or
enameling. Most commeon brick is red.

Although any surface brick is a face brick as
distinguished from a backup brici., the term face
brick is also used to distinguish high-quality
brick from brick which is of common bnck
quality or less. Applying this criterion, face
brick is more uniform in color than common
brick, and 1t may be obtained in a variety of
colors as well. It may have a particular type of
finish on the surface, and in any case it has a
better surface appearance than common brick. It
may alsc be more durable, as a result of the use
of select clay and other-materials, or as a result
of special manufacturing methods.

Backup brick may consist of brick which is
inferior in quality even to common bnck. Brick
which has been underbumed or overbumed, or
brick made with infenor clay or by inferior
methods, is often used for backur brick.

Still another type of classification divides
brick into grades in accordance with the
probable climat’c conditions to which it is to be
exposed, as follows:

GRADE SW is designed to withstand
exposure to below-freezing temperatures in
moist cliinate like that of the northern regions
of the United States.

GRADE MW is designed to withstand
exposure to below freezing temperatures in a
drier climate than that mentioned in the
previous paragraph.

GRADE NW is primarily intended for
interior or backup brick. However, it may be
used exposed in regions where no frost action
occurs or in regions where frost action occurs,
but the annual rainfall is less than {5 inches.

TYPES OF BRICKS

There are many types of brick. Some are
different in formation and composition while

T
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others vary according to their use. Some
commonly used types of brick are:

BUILDING brick, formerly called common
biick, is made of erdinary clays or shalas and
burned in the usual manter in the Xilns, These
bricks do not have special scotings or markings
and are not produced in any special color or
surface texture. Building brick is also known as
hard and kiln run brick. It js used generally for
the backing courses in solid or cavity brick walls.
The harder and more durable kinds are preferred
for this purposz.

FACE brick are ussd in the exposed face of
a wall and are higher quality units than backup
brick. They nave better dumability and
appearance. The most conmon colcrs of face
brick are varous shades of trown, red, gray,
yellow, and wiiite.

A dry process is used to make PRESS bnick
which has reguiar smooth faces. sharp edges, and
perfectly squate comers. PRESS brk s
ordinarily used as “ace brick.

Bricks that are overbumed in the kilns are
called CLINKER Yrick. They are usually hard
and durable, may be i,tegular in shape, and ¢an
be used in the same manner as building brick,

GLAZED brick has one surface of each brick
glazed in whitc or other color. The ceramic
glazing conzists of mineral ingredients which
fuse together in a glasslike coating dwing
buming. This t¥ype of brick is particularly suited
for walls or partitions in hospitals, dairies,
laboratories, or other buildings where ¢leanliness
and case of cleaning is necessary.

FIREBRICK is made ot a special type of fire
clay which will withstand the high tem peratures
of fireplaces, boilers and similar usage without
cracking or decomposing. FIREBRICK is
generally larger than regular structural brick and
often it is hand mclded.

CORED bricks are bricks made with two
rows of five holes exteading through their beds
te reduce weight. There is no sgnificant
difference between the strength of walls
constructed with cored bnck and  those
constructed with solid brick., Resistance lo
moistuse penetration is about the sane for both

types of walls. The most easily available brick
that will meet requirements should be used
whether the brick is cored or solid.

SAND LIME bricks are made from a lean
mixiure of slaked Hme and {ine silicious sand
m~lded under mechanical pressure and hardened
under steam pressure.

MORTAR FOR BRICK MASONRY

Mortar is used to bond the brick together
and unless properly nixed and applied will be
the weakest part of brick masonry. Both the
strength and resistance to rain penetration of
brick masonry walls are dependent to a great
degree on the strengih of the bond. Water in the
mortar is essential to the development of bond
and if the mortar contains insufficient water the
bond will be weak and spotty. When brick walls
leak i1 is usually through the mortar joints,
Imregularities in dimensions and shape of bricks
are corrected by the mortar joint.

Mortar.should ve plastic enough fo work
with a trowel. The properties of mortar depend
largely upon the type of sand used in it. Clean,
sharp sand produces excellent mortar. Too much
sand in mortar will cause it to segregate, drop
off the trowel, and westher poorly.

The seleetion of mortar for brick
construction depends on the use requirements of
the structure. For cxample, the recommended
mortar for wuse in laying wup interior
nonload-bearing partitiods would not be
satisfactory for foundation walls. In many cases,
the Bullder relies upon a fixed proportion of
cement, lime and sand to provide a satisfactory
mortar. The following tvpes of moriar are
proportioned on a volume basis:

TYPE M is 1 part portland cement, 1/4 part
hydrated lime or lime putty, and 3 pasts sand; or
1 part portland cement, I part type Il masonry
cement, and 6 parts sand. This mortar is suitable
for general use and is recommended specifically
for masonry below grade and in contact with
earth, such as foundations, retaining walls, and
walks.
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TYPE S is | part poriland cement, 1/2 part

hydrated lime or lime putiy. and 4 1/2 parts

sand, or 1/2 part portland cemet, | part type II

masonry cement and 4 1/2 parts sand. This

PR mortar is also suitable for general use and is

' recommended where high resistance to lateral
forces is required.

TYPE N is 1 part portland cemeat. | part
hydzated lime or lime putty, and 6 parts sand: or
' pa:rt type I masonry cement and 3 parts sand.
This mortar is siitable for general use in exposed
-"\;’ masenry above grade and is recommended
. specifically fer exienor walls subjected to severe
i exposures.

| TYPE O is | part portland cement. 2 parts
J hydrated ime or lime putty, and 9 parts sand; or
= I part type ! or type Il masonry cement and 3
. parts sand. This mortar is reeommended for
f' load-bearing walls of solid units where the
compressive stresses do not exceed 100 |b per
I 5q in. and the masonry will not be subjected to
; freezing and chawing in the preserce of excessive
: moisture,

RESISTANCE TC WEATRHERING

The resistance of nasonry walls to
weathering depends almost entirely upon their
resistance to water penetration becanse freczing
and thawing action is virtually the only fype of
P weathering that affects brick masonry. With the
best workmanship, i s possible to build bnuek
walls that will resist the penetration of rain
water during a stormn lasting as long as 24 hrs
accompanied by a 50- to 60-mile-per-hr wind. In
most construction, 1t is unfreasonable to expect
the type of workmanship required to build a
wall that will allow no water penetraton. [t g
advisable to provide some means of taking care
of moisture after it has penetrated the bnck
masonry. Properly designed flashing and cavity
walls are two ways of handling moisture that has
entered the wall.

A

Important factors in preventing the entrance
of water are tooled mortar joints and caulhiag
around windows and door {rames.

2.27

The joints between the brick must be solidly
filled, especially in the face tier. Slushing or
grouting the joints after the brick has been laid
does not completely {ill the joint. The mortar
joint should be tooled to a concave surface
before the mrortar has had a chance to set up, In
tooling, sufficient force should be used to press
the mortar tight against tlie brck on both sides
of the mortar joint.

Mortar joints that are tightly bonded to the
brick have been shown to have greater resistance
to moisture penctration than joints that are not.

GENERAL CHARACTERISTICS
OF BRICK MASONRY

Sohd brick masonry walls provide very Iittle
insulation aganst heat and cold. A cavity wall or
a bnek wall backed with hollow clay tile has
inuch better insulating value.

Because bmck walls are exceptionally
massive, they have good sound-insulating
properties. In general, the heavier the wall, the
petter will be its sound-insulating value:
however. there 1§ no appreciable increase in
sound nsulation by a wall more than |12:n.
thick as compared to a wall between 10 and
121n. thick. The expense involved in
constructing a thicker wall merely to take
advantage of the slight increase is too excessive
to be worthwhile. Dividing the wall into two or
more layers. as in the case of a cavity wall, will
increase 1ts resistance to the transmission of
sound from one side of the wall to the other.
Brick walls are poor absorbers of sound
onginating within the walls and veflect much of
it back into the structure Sounds ciyused by
impact. as when the wall s struck with a
hammer. will travel a great distance along the
wall,

Brick smasonry expands and contracts with
temperature change, Walls up to a length of
200 ft do not need expansion joints. Longer
walls need an expansion joint for every 200 fi of
wall. The joint can be made as shown in figure
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843. A considerable amount of the expansion
and contraction is taken up in the wall itself.
For this reason, the amount of movement that
theoretically takes place does not actually occur.

The resistance of brick to abrasion depends
largely upon its compressive strength, related to
the degree of buming Well-burned brick have
excellent wearing qualities.

The weight of brick varies from 100 to
150 1b per cu ft depending upon the nature of
the materials used in making the bnck and the
degree of burning. Well-bumed brick are heavier
than underbumed brick.

BRICKLAYING METHODS

Good bricklaying orocedure depends on
good workmanship and efficiency. Means of
obtaining good workmanship xre treated below.
Efficiency involves doing he worh with the
fewest possible mctions. The Builder should
study the operations to Jeterminc tnose motions
that are unnecessary. Each motion should have a
purpose and should accomplish a definite result
After learmning the fundamentals, every Builder
should develop methods for achieving maximum
efficiency. The work must be arranged in sech a
way that the Builder is continually supplizd with
brick and mortar. The swaffolding required must
bs planned before the work egins. It must be
built in such 2 way as to cause the least
interference with other crew'zembers.

Bricks should never he piled directly on
uneven or soft ground: iy should aiways be
stacked un piarks. Do not siore tricks on

RIINFORCING BARS

METAL WATER STOF
JOINT FiLLER

133.287
Figure B.43.~Expaniion foint for wall.

scaffolds or runways. This does not prohibit
putting the normal supplies on scaffolding
during actual bricklaying operattons.

Except where stacked in sheds, bnck pies
should never be more than 7 ft lugh. When a pile
of brick reaches a height of 4 {t, 1t must be
tapered back ] in. in every foot of height above
the 4 ft level. The tops of brick piles must be
kept level: and the taper mantained during
unpiling operations.

Masonry Terms

Specific terms are used to describe the
various positions of masonry units and mortar
joints in a wall (fig. 8-44):

COURSE. One of the conttnuous horizontal
layats {or rows) of masonry whick, bonded
together. form the masonry structure.

STRETCHER. A masonny umt la.o flat with
its longest dimension paraflcl to the face cf the
V"all.

HEADPXR. A n:asonty umt laid flai with its
longest dimepsion perperdicular to the face of
the wall. 1t s gonerailv used to nie two wythes of
inasonry togetiier,

ROWLOCK. A brick laid on its edge (tace),

BULL-STRETCHER. A rowlock brick laid
with its longest dimension parelel to the face of
the wall.

BULL-HEADER. A rowiock brick lasd with
its lon.est dimension perpendicular 1o the face
of the warl.

SOLDIER. A brick laid on its end so that its

longest dimensiou is parallel to the verticzl uxis
of the face of the wall,

Types of Bonds

Tie word bond. when used 1 referciice to
masenty. may have three different meanings:

STRUCTURAL BOND is the method by
which individual masonry units are interdocked
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STRETCHER

133.289

Figure 8-44.—Masonry units and mortar joints.

or tied together to cause the entir: assembly to
act as a single structural unit. Struc tural bonding
of brick and tile walls may be accomplished in
three ways. First, by overlapping (interlocking)
the masonry units, second by the use of metal
ties imbedded in connecting joints, and third
by the adhesion of grout to adjaceit wythes of
masonry.

MORTAR BOND is the adhesion of the joint
mortar fo the masonry umts or to the
reinforcing steel,

PATTERN BOND is the pattern formed by .

the masonry units and the mortar joints on the
face of a wall. The pattern may result from the
type of structural bond used or may bc purely a
decorative one in no way related to the
structural bond. There are five basic pattern
bonds in common use foday as shown in figure

8-45. Running bond, common bond, stack

_bond, Flemish bond, and English bond.

RUNNING BOND is the simplest of the
basic pattern bonds, the running bond consists
of all stretchers. Since there are no headers us=d
in this bond, metal ties are usually used.
Running bond is used largely in cavity wall
construction and veneered walls of brick and
often in facing tile walls where the bonding may
be accomplished by extra width stretcher tile

COMMON OR AMERICAN BOND is a
variation of running tond with a course of full
lengch headers at regular intervals. These headers
provide structural bonding as well as pattem.
YHeader courses usually appear at every fifth,
sixth, or seventh course depending on the
structural bonding requirements. In laying out
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Figure 8-45.—-Some types of brick masonry bond.

any bond pattern it is very important that the
comers by started cosrectly. For common bond,
a three-quarter brick must start each header
course at the comer. Common bond may be
varied by using a Flemish header course.

STACK BOND is purely a pattern bond.
There is no overlapping of the units, all vertical
joints being alined. Usually this pattem is
bonded to the backing with rigid steel ties, but
when 8 in. thick stretcher units are avajlable,
they may be used. In large wall areas and in
load-bearing construction it is advisable to
reinforce the wall with steei pencil rods placed
in the horizontal mortar joints. The vertical
alinement requires dimensionally accurate units,
or carefully prematched units, for each vertical
joint alinement. Variety in pattern may be

achieved by numerous combinations and

" modifications of the basic patterns shown,

FLEMISH BOND is made up of altemate
stretchers and headers, with the headers in
alternate courses centered over the stretchers in
the intervening courses. Where the headers are
not used for the structural bonding, they may be
obtained by wusing half brick, called
blind-beaders. There are two methods used in
starting the comers. Figure 845 shows the so
called FLEMISH comer in which a three-quarter
brick is used o start each course and the
“English” comer in which 2 in. or quarter-brick
closures must be used.

ENGLISH BOND i; composed of alternate
courses of headers and stretchers. The headers
are centered on the stretchers and joints
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between stretchers. The vertical (head) joints
between stretchers in all courses line up
vertically. Blind headers are used in courses
which are not structural bonding courses. The
English cross bond is a variation of English bond
and differs only in that vertical joints between
the stretchers in alternate courses do not lineup
vertically. These joints center on the stretchers
themselves in the courses above and below.

Metal Ties

Metal ties can be used to tie the brick on the
outside face of the wall to the kacking courses.
These are used when no header courses are
installed. They are not as satlsfactory as header
couéses. Typical metal ties are shown in figure
8-46.

Flashing

Filashing is instalied in masonry construction
to divert moisture. wihich may enter the
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Figure 8-46.—Metal ties.

masonry at vulnerable spots, to the outside.
Flashing should be provided under horizontal
masonry surfaces, such as sills and copings, at
intersections of masonry walls with horizontal
surfaces. such as roof and parapet or roof and
chimney, over heads of openings, such as doors
and windows, and frequently at floor lines,
depending upon the type of construction. To be
most effective, the flashing should extend
through the outer face of the wall and be tumed
down to form a drop. Weep holes should be
provided at intervals of 18 in. to 2 ft to permit
the water which accumulates on the flashing to
drain to the outside. If, because of appearance,
it is necessary fo stop the flashing back of the
face of the wall, weep holes are even more
important than when the flashing extends
through the wall. Concealed flashings with
tooled mortar joints frequently will retain water
in the wall for long periods and, by
concentrating moisture at one spot. may do
more harm than good.

Mortar Joints and Pointing

The trowel should be held in a firm position.
{See fig. 847.) The thumb should rest on top of
the handle and should not encircle jit. A

133.2080

Figure 8-47.—Qna way to hiold a trowel.
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Figure 8.48.—Profer way to pick up morzar.

right-handed Builder picks up mortar with the
left edge of the trowel from the outside of the
pile (fig. 848). The amount of mortar picked up
is spread on as many as'{ive bricks, depending on
the wall space and the Builder’s skill. A pickup
for one brick forms a small windrow along the
left edge of the trowel. A pickup for five bricks
is a full load for a large trowel. (See fig.
§-49.)

Holding the trowel with its left edge directly
over the centerline of the previous course, the

I
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133.292
Figure 8-49,~Trowel fulf of mortar.

832

133.203
Figure 8-50.—Muortar thzown on brick.

Builder tilts the trowel slightly and moves it to
the right, dropping a windrow of mortar along
the wall until the trowel is empty as shown in
figures 850 and 8-51. In some instances mortar
will be left on the trowel when the spreading of
mortar on the course below has been completed.
When this occurs the remaining mortar is
returned to the board. A right-handed Builder
works from left to right along the wall.

133.284
Figure 8-51.—Mortar spread for a distance of 3 to 5
brick.
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STEP 3

Figure 8-52.—Bed joint and furrew.

133.296

Mortar projecting beyond the wall line is cut
off with the trowel edge (step 1, fig. 8-52) and
thrown back on the mortar board, but enough is
retained to “butter” the left end of the first
brick to be Jaid in the fresh mortar.

With the mortar spread about ! in. thick for
the bed joint, as shown in step 1, fig. 852, a
shallow furrow is made (step 2, fig. 8-52) and
the brick pushed into the mortar (step 3, fig.
8-52). If the furrow is too deep, there will be a
gap left between the mortar and the brick
bedded in the mortar. This gap will reduce the
resistance of the wall to water penetration. The
mortar for a bed joint should not be spread out
too far in advance of the laying. A distance of 4
or 5 bricks is advisable. Mortar that has been
spread out too far will dry out before the brick
is bedded in it. This results in a poor'bond as can
be seen in figure 8-53. The imortar must be soft
and plastic so that the brick can be easily
bedded in it.

The next step after the bed joint mortar has

Jbeen spread is the laying of the brick. The brick

833
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to be laid is picked up as shown in figure 8-54
with the thumb on one side of the brick and the
fingers on the other. As much mortar as will
stick is placed on the end of the brick. The brick
should then be pushed into place so that excess

132.298
Figure 8-53.—A poorly bonded brick.
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mortar squeezes out at the head joint and at the
sides of the wall as indicated in figure §-55. The
head joint must be completely filled with
_ mortar. This can only be done by placing plenty

of mortar on the end of the brick. After the
brick is bedded, the excess mortar is cut off and
used for the next end joint. Surplus mortar
should be thrown to the back of the mortar
board for retempering (the process of remixing)
if necessary. The proper position of the brick is

133.3¢c0
Figure 4-57.—Making cross joints in header courses.
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determined by the use of a line which can be
seen in figure 8-55.

The method of inserting a brick in a space
left in a wall is shown in figure 8-56. A thick bed
of mortar is spread (step 1, fig. 8-56) and the
brick skoved into this deep bed of mortar (step
2, fig. §&56) until it squeezes out at the top of
the joint at the face tier, and at the header joint
(step 3, fig. 8-56) so that the joints are full of
mortar at every point.

The position of a cross joint is illustrated in
figure 857. These joints must be completely
filled with mortar. The mortar for the bed joint
should be spread several brick widths in advance.
The mortar is spread over the entire side of the
header brick before it is placed in the wall (step
1, fig. 857). The brick is then shoved into place
so that the mortar is forced out at the top of the
joint and the excess mortar cut off, as shown in
step 2, fig. 8-57.

Figure 858 shows the method of laying a
closure brick in a header course. Before laying
the closure brick, plenty of mortar should be
placed on the sides of the brck already in place
(step 1, fig. 8-58). Mortar should also be spread
on both sides of the closure brick to a thickness
of about 1 inch (step 2, fig. 8-58). The closure
brick should then be laid in position without
distu)rbing the brick already in place (step 3, fig.
8-58).

Before laying a closure brick for a stretcher
course, the ends of the brick on each side of the
opening to be filled with the closure brick
should be well covered with mortar (step 1, fig.
8-59). Plenty of mortar should then be thrown
on both ends of the closure brick (step 2, fig.
8-59) and the brick.laid without disturbing those
already in place (step 3, fig. 8-59). 1f any of the
adjacent brick are disturbed they must be
removed and relaid. ‘Otherwise, cracks will form
between the brick and mortar, allowing moisture
into the wall.

There is no hard and fast rule regarding the
thickness of the mortar joint. Brick that are
irregular in shape may require mortar joints up
to 1/2-in. thick. All brick irregularities are taken
up in the mortar joint. Mortar joints 1/4 in.
thick are the strongest and should be used when
the bricks are regular enough to permit it.

Slushed joints are made by depositing the
mortar on the head joints in order that the
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133300
Figuee 8-58.—Making closure joints in header courses, 133,302
Figure 8-59.—Making closuee jolnts in steetcher courses.
8-36
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mortar will run down between the brick to form
a solid joint. THIS SHOULD NOT BE DONE.
Even when the space between the brick is
completely fiiled, there is no way to compact
the mortar against the faces of the brick and A
POOR BOND WILL RESULT.

Filling exposed joints with mortar
immediately after the wall has been laid is called
POINTING. Pointing is frequently necessary to
fill holes and correct defective mortar joints.
The pointing trowel is used for this purpose.

- (See fig. 8-1.)

Cutting Brick

If a brick is to be cut to exact line, the brick
chisel shoild be used. When using these tools,
the straight side of the cutting edge should face
the part of the brick to be saved and also face
the Builder. One blow of the hammer on the
brick set should be enough to break the brick.
Extremely hard brick will peed to be cut
roughly with the head of the hammer in such a
way that there is enough brick left to be cut
accurately with the brick chisel. (See fig. 8-60.)

For normal cutting work, such as is required
for making the closures and bats required
around openings in walls and for the completion
of cormers, the brick hammer should be used.
The first step is to cut a line all the way around
the brick with light blows of the hammer head
(fig. 861). When the line is coniplete, a sharp
blow to one side of the cutting line will split the

133.303
Figure 8-60.—Cutting bric.: with a hrick chisel.

837

STRIXING BRICK TO ONE SIDE
OF CUTTING LINE

TRIMMING ROUGH SPOTS

133.304
Figure B-61,—Cutting brick with 2 hammaer,

brick at the cutting line. Rough places are
trimmed using the ulade of the hammer, as
shown in figure 8-61. The brick can be heid in
the hand whife be’ng cut.

Joint Finishes

Exterior surfaces ©Of mortar joints are
finished to make the brickwork more
waterproof and to improve the appearance.
There are several types of joint finishes, as
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shown in figure 862, The more important of
these are discussed below. When joints are cut
flush with the brick and not {inished, cracks are
immediately apparent between the brick and the
mortar. Although these cracks are not deep,
they are undesirable and can be eliminated by
finishing or tooling the joint. In every case, the
mortar joint should be finished before the
mortar has hardened to any appreciable extent.
The jointing tool is shown in figure §-1.

The best joint from the stzidpoint of
weathertightness is the CONCAVE joint. This
joint is made with a special tool after the excess
mortar has been removed with the trowel. The
tool should be slightly larger than the joint.
Force is used to press the mortar tight against
the brick on both sides of the mortar joint.

The FLUSH joint (fig. 8-62) is made by
keeping the trowel almost parallel tc the face of
the wall while drawing the point of the trowel
along the joint.

A WEATHER joint sheds water more easily
from the surface of the wall and is formed by
pushing downward on the mortar with the top
edge of the trowel.

STRUCK, RAKED, AND BEAD joints are
used mainly for interior decorative work where
water tightness is not a factor.

BRICK CONSTRUCTION

An attractive brick construction degends
upon the interpretation of the plans and the

WALL SURFACE

JOINT

|\

FLUSH

CONCAVE

STRUCK

abilities of the Strikers and Builders. Whether
building an eiglit- or twelve-in. wall they must be
able t¢ work together 2nd carry out their duties
properly.

Striker's Duties

The Stoker mixes mortar. carries brick and
mortar to the Builder laying brick, and keeps the
Builder suppli:d with these materials at ali
times, The Striker fills the mortar bvard and
places it in a position convenient for the Builder
laying brick. The Strker assists in the laying out
and, at times, such as during rapid backup
bricklaying, the Striker may lay out brick in a
line on an adjacent course so that the Builder
needs t0 move each brick only a few inches in
laying backup work.

Wet:ing brick is alwo the duty of the Striker.
This is done when bricks 3re laid in warm
weather. There are four reasons for wstting
brick just before they are lald:

There will be a better bond between the
brick ang the mortar.

The water will wash Just and dirt from the
surface of the bnck. Mortar adheres better to a
clean brick.

If the surface of the brick is wet, the mortar
spreads more evenly under it.

A dry brick may absorb water from the
mortar rapidly. This is particularly bad when
rmortar containing portland cement 1s used. In

BRICK

WEATHER RAKED BEAD

133.305

Flgure 8-62.~Joint finishes.
8-38
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order for cement to harden properly, sufficient
moisture must be present to complete the
hydration of the cement. If the brick robs the
mortar of too much water, there will pot be
enough left to hydrate the cement properiy.

Builder’s Duties

The Builder dves the actual laying of the
brick. it is the Builder’s responsibility to lay out
the job so that the finished masonry will be
properly done. In construction involving walls,
the Builder must see that the walls are plumb
and the courses leve:.

FOOTING AND FOUNDATION
COMPLETED

Footings

A footing js required under a wall when the
bearing capacity of the supporting soil is not
sufficient to withstand the wall load without a
further means of redistribution. The footing
must be wider than the thickness of the wall, as
illustrated in figure 863. The required fonting
width and thickness for walls of considerable
height or for walls that are to carry a heavy load
shouid be determined by a qualified Builder.
Every footing should be below the frost line in
order to prevent heaving and settiement of the
foundation. For the usual one-story building

FOURTH COURSE

FIRST AND SECONO COURSE

133.308

Figure 8-63.—Wall foating.

839
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with an 8-in.-thick wall, a footing 16 in. wide
and approximately 8 in. thick is usually enough.
Although brickwork footings are satisfactory,
footings are normally concrete, leveled on top to
receive the brick or stone foundation wall. As
soon as the subgrade is prepared, the Builder
should place a bed of mortar about 1 in. thick
on the subgrade to take up all irregularities. The
first course of the foundation is laid on this bed
of mortar. The other courses are then laid on
thas fisst course.

A column footing for a 12- by 16-in. brick
column is shown in figure 8-64. The
construction method for this footing is the same
as for the wall footing.

Eight-Inch Common
Bond Brick Wall

For a wall of given length. the Builder makes
a slight adjustment in the width of head joints so
that some number of brick, or some number
including one-half brick, will just make up the
length. The Builder first lays the brick on the
foundation without mortar as shown in figure
8-65. The distance between the bricks is equal to

FIRST COURSE OF
COLUMN

THREE QUARTER CLOSURES

133307
Figire B-84,—Column footing.

FOUMDATION

BRICK LAID wITHOUT WMORTAR

133.308
Figure 8-65.—Determination of vertical brick joints and
number of bricks in one course.

the thickness of the head mortar joints. Tables
84, 85, and 8-6 give the number of courses and
horizontal joints required for a given wall height.

The corners are erected first. This is called
“laying of leads.” The Builder will use these
leads as a guide in laying the remainder of the
wall.

The first step in laying a corner lead is
shown in first step, figure 8-66. Two

three-quarter closure bricks are cut and a

l-inch~thick mortar bed is laid on the
foundation. Three-quarter closure brick a (in the
second step of figure 8-66) is pressed down into
the mortar bed until the bed joint Lecoimes
1/2 in. thick. Next, mortar is placed or: the end
of three-quarter closure brick b and a head joint
is formed as described previously. The head joint
between the two three-quarter closures should
be 1/2in. thick also. Excess mortar that has
been squeezed out of the joints is cut off. The
level of the two three-quarter closures should
now be checked by means of the mason’s level
placed in the positions indicated by the heavy
dashed lines in the second step, fig. 8-66. The
edges of both must be even with the cutside face
of the foundation. Next, mortar is spread on the
side of brick ¢ and it is laid as shown in the third
step, fig. 8-66. 1ts evel is checked uring the
inascn’s level in the position given in the third
step, fg. 866, Its ¢nd must also be aven with
the outside face of the foundation. Brick d is
laid and its level and position checked. When
brick d is in the proper position, the quarter
closures € and f should be cut and placed
according to the recomniended procedures for

A s o Pl et e e i i T i et A A kT e e e



FOURDATIGH

LAY MBSONS LEVEL IN YHESE
POSITIONS TO CHECK LEVEL

4 o
q . ’ T .
p
::a ; + rd
\3 A —

V4 CLOSURES
SECOND STEP

T MORTAR

HEADERS

i, . g ;u " ]
e H it Iy TN
n o . ;;. . :\: L)
l‘:o g i | tlk . 25
H =z == - i s Jiests z
T a By bllw » i T » -
. y g T
1/% CLOSURES LN
TH'RD STEP FOURTH STEP
i
_...rli:..!‘. J— i
7
-~ ¢t P -
: >u£n0£as
42
T
§n
g m
!! FOURDATION -
[ ]
1§ °
It 3
[ : \
. I n R nio #
" U"L 9 hlfpi|t 1 ||*e &
T = Rk = J= g i F- oA ez =
na b H 1: = s
] ¥ .
n f 2 : u
FIFTH STEP
133,308

laying closnere bnck. All excess mortar should be
removed and the tops of these quarter closures
checked to see that they are at the same level as
the tops of surrounding brick.

Brick g (fourth step, fig. 866} is no. shoved
11to positien after mortar has been spread on :ts

Figurs 8-85.—First course of corner lead for 8-inch common bond Frick wsll,

face. Excess mortar should be removed. Bricks
h, i, §, and k are laid in the same manner. The
level of the brick is checked by placing the
mason’s level in the several positions indicated in
the fourth stcp, fig. 8-66. All brick ends must be
fush with the surface of the foundation. Bricks
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I, m, n, o, aud p are then laid in the same
manner- The number of leader bricks that must
be la1d 1n the first course of the vomer lead can
be determined from the fifth step, fig. 866, it
will be noted that six header bncks are required
on each stide of the three-quarter closures a and
b.

The second course, a stretcher course, is now
laid. The procedure is shown in step 1, fig. 8-67.
A lan, thick laver of mortar should be spread
over the first course and a shallow furrow made
in the mortar bed. Brick a (step 2, fig. 8-67) is
then laid in the mortar bed and shoved down
until the mortar joint is 1/2-in. thick. Brick b
may now be shoved into place after mortar has
been spread on its end. Excess mortar is
r2moved and the joint checked for thickness.
Bricks ¢, d, ¢, f, and g are laid in the same
manner and checked to make them leve! and
plumb. The level is checked by placing the
mason’s level in the position indicated in step 2,
fig. 867. The bnek are plumbed by using the
mason’'s_fevel in a vertical position as shown in

figuic §-68. This should be done in several
places. As may be deiermined from 3, fig. 8-67,
scven bricks are required for the second course
The remaining bnck in the comer lead are laid in
the manner described for the brick in the second
course.

Since the portion of the wa)l between the
leads is laid using the leads as a guide, the level
of the courses in the lead must be checked
cortirually, and after the first few courses the
lead is plumbed. If the brckwork is not plumb,
bricks must be moved in ot out until the lead is
accurately plumb. It is not good practice to
move brick much once they are laid in mortar;
therefore, care is taken to place the brick
accurately :ﬁ the start. Before the mortar has
set, the joints are tooled or finished.

A corner lead at the opposite end of the wall
is built in the” same manner. It is essentia) that
the level of the tops corresponding courses be
‘the same in each lead. That is, the.gop of the
second course in one comer lead must be at the
same heiglt above the fpundation as the second

o ]
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FOUNDATION

WORTAR

FIRST COuRSE {HEADERS)

3!

STEP 1

FIRST COURSE {HEADERS!)

SECOND COuRSE FACE
TIER {STRETCHERS)

F ATIO
CAREFULLY RLmovE ' CUNGATION

EXCESS HORTAR

_‘_\

THREE QUARTER CLGSURES

STER 3

133.310
Figure 8-87.~Second tOurse of corner leed for B-inch
common bond brick wall.

133.31
Fligure 8-68.—Plumbing & comer.

course tn the other corner lead. A long
2- by 2-in. pole can be used to mark off the
heights of the different courses above the
foundation. This pole can be used to check the
course height in the comer leads. The laying of
leads should be closely supervised and only
skilled Builders should by employed in this
work.

With the comer leads ac each end of the wall
completed, the face tier of brick for the wall
between the leads is laid. It js necessary touse a
line, as shown in figure 8-69.

Knots are made in each end of 1he line to
hold it within the slot of the line block as shown
in figure 8-69. The line can be made taut by
hooking one of the line blocks to each end of
the wall.

The line is positioned 1/16 in. outside the
wall face level with the top of the brick.

With the line in place. the first or header

‘course is laid in place between the two corner

leads. The brick is shoved into position so that
its top edge is 1/16 in. behind the line. Do not
«rowd the line. If the corner teads are accurately
built. the entire wall will be level or plemb. It s
not necessary to use the level on the section of
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CORNER

’
LINE

133312

Figure 8-89.—Uss of the line.

the wall between the leads: however, it is
advisable to check it with the level at several
points. For the next course, the line is moved to
the top of the next mortar joint. The brick in
the stretcher course should be laid as described
previously. Finish the face joints before the
mortar hardens.

When the face tier of brick for the wall
between the leads has been laid up to, but not
including the second header course, normally six
courses, the backup tier is laid. The procedure
for laying backup brick has already been
described. The backup brick for the comer leads
are laid first and the remaining brick afterwards
{fig. 870). The line need not be used for the
backup brick in an 8in. wall. When the backup
brick have been laid up to the height of the
second header course, the second header course
is laid.

The wall for the entire building is built up to
a height including the second header course at
which fime comer leads are continued six more
courses. The wall between the leads is
constructed as before and the entire procedure
repeated untt] the wall has been completed to
the required height,

window and Door Openings

If windows are to be installed in the wall,
openings are left for them as the bsicklaying
proceeds. The height to the top of one full
course should be exactly the height of the
window sill. When the distance from the
foundation to the bottom of the window sill is
known. the Builder can determine how many
courses are required to bring the wali up to that
height. If the sill is to be 4 ft 4 1/4 in. above the
foundation and 1/2-in. mortar joints are used,
19 courses will be required. (Each brick plus ¢ne
mortar jointis 2 1/4+ 1/2 =2 3/4 inches. One
course i$ thus 2 3/4 in. high. Fourft 4 1/4 in,
divided by 23/4 1s 19, the number of courses
required.

With the brick laid up to sill height, the
rowlock sill course is laid as shown in figure
8-71. The rowlock course it pitched downward
The slope is away from the window and th
rowlock course normally takes up a vertic
space equal to two courses of brick. The exteric
surface of the joints between the brick in the
rowlock course must be carefully finished to
make them watertight.

The window frame is placed on the rowlock
sill as soon as the mortar has set. The window
frame must be temporarily braced until the
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FivE STRETCHER COURSES

FIRST OR HEADER COURSE

133.313

Figure 8-70.—Backi™ brick at the corner—8-inch common bond brick wall,

brickwork has been laid up to about one-third
the height of the window frame. These braces
are not removed for several days in order that
the wall above the window frame will set
properly. Now the Builder lays up the brick in
the rest of the wall in such a way that the top of
the brick in the course at the level of the top of
the window frame is not more than 1/4in,
above the frame. To do this, the top of each
course is marked with a pencil on the window
frame. If the top .ourse does not come to the
proper level, the thickness of the joints is
changed slightly until the top course is at the
proper level. The corner leads should be laid up
after the height of each course at the window s
determined.

The mortar joant thickness for the comer
leads is made the same as that determined at the
window opening. With the comer leads erected,
the line is installed as already descrbed and is

S — BT
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stretched across the window opening. The brick
can now be laid in the rest of the wall, If the
window openings have been planned properly,
the brick in the face tier can be laid with a
minimum of brick cutting.

Lintels

LINTELS are placed above windows and
doors to carry the weight of the wall above
them. They rest on the brick cclurse that is level
or approximately level with the frame head, and
are firmly bedded in mortar at the sides. Any
space between the window frame and the lintel
is closed with blocking and weather-stripped
with bituminous materals. The wall is then
continued above the window after the lintel is
placed,

The same procedure can be used for laying
brick around 4 Joor opening as was used for

e —
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HEADER COURSE

ROWLOCK COURSE TILTEO

133314
Figure 8-71.—Construction at a window opening.

laying bnck around a window openung. including
placement of the lintel. The arrangement at a
door opening is given in figure 8-72. Pieces of
wood cut to the size of a half closure are laid in
mortar as brick to provide for anchoring the

USE 5 wOOD BLOCKS ON EACH S OE OF
000R FRAME FOR PURPOSE OF SECURING FRAME

ADER COURSE

133.315
Figure 8.72,—Constructicn at a door opening.

847

door frame by means of screws or nails. These
wood locks are placed at several points along the
top and sides of the door opening to allow for

plumbing the frame.
Lintels can be made of steel, precast

reinforced concrete beams, or wood. The use of
wood should be avoided as much as possible. If
reinforced brick masonry is employed, the bnck
above the wall opening can be suppurted by the
proper installation of steel reinforcing bars. This
will be discussed later. Figure 8-73 illustrates
one of the methods of placing lintels for
different wall thicknesses. The relative
placement and position is determined both by
wall thickness and thz type of window being
used.

Installation of a lintel for an &-in. wall js
shown in figure 8-73. The thickness of the angle
for a two-angle linte] should be 1/4 inch. This
makes it possible for the twoangle legs that
project up into the brick to fit exactly in the
1/2-4in. joint between the face and backingup
ties of an $-in. wall.

Corbeling
Corbeling consists of courses of brick set out

beyond the face of the wall in order to form a
self-supporting projection. This type of

45.485
Figure 8-73.~Lintels for an 8-inch wall,
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CORBELING

.

133.316

Figure 8.74.~Corheled hrick wsll.

construction is shown in figure 8-74. The
portion of a chimney that is exposed to the
weather is frequently corbeled out and increased
in thickness to improve its weathering resistance.
Headers should also be used as much as possible
in corbeling, It is usually required to use
various-sized bats. If necessary, the first
projecting course may be the stretcher course.
No course <hould extend out more than 2in.
beyond the course below it and the total
projection of the corbeling should not be more
than the thickness of the wall.

Corbeling must be done carefully for the
construction to have maximum strength. All
mortar joints should be carefully made and
completely filled with mortar., When the
corbeled-out brick masonry is to withstand large
loads, you should consult the design division of
the operation department.

Watertight Walls

The water that passes through brick walls
does not usually enter through the mortar or
brick but through cracks between brick and
mortar. Sometimes these cracks are formed
because the bond between the brick and mortar
is poor. They are more apt to occur in head
joints than in bed joints. To prevent this, some
brick must be wetted. If the position of the
brick is changed after the mortar has begun to
set, the bond between the brick and mortar will
be destroyed and a crack will result. Shrinkage
of the mortar is also frequently responsible for
the formation of cracks.

Both the size and numbert of cracks between
the mortar and the brick can be reduced if the
exterior face of all the mortar joints is tooled to
a concave finish. All head joints and bed joints
must be completely filled with meoertar if
watertightness is to be obtained.

A procedure found effective in producing a
leakproof wall is shown in figure 8-75. The back
of the brick in the face tier js plastered with at
least 3/8in. of rich cement mortar before the

backing brick are laid, This is called PARGING -

or back plastering. Since parging should not be
done over mortar protruding from the joints, all
joints on the back of the face tier of bricks must
be cut flush.

Membrane waterproofing, installed in the
same way as specified for concrete walls, should
be used if the wall is subject to considerable
water pressure. The membrane, if properly
installed, is able to adiust to any shrinkage or
settlement without cracking. If the wall is to be

133.319
Figure 8-75.~Parging.
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subjected to considerable ground water or the
surrounding soil is impervious. tile drains, or
French drains, if drainage tile is not available,
should be constructed around the base of the
wall {fig. &76).

For a foundation wall below ground level,
two coats of bituminous mastic applied to the
outside surface of the brck will vyield
satisfactory results. Asphalt or coal-tar pitch
may be used and applied with mops.

The watertightness of brick walls above
ground level is improved by the application of
transparent waterproof paints such as a water
solution of sodium silicate. Vamish is also
effective. When used, thesc paints should be
appled as specified by the manufacturer,
Certain white and colored waterproofing pants
are also avaifable. in addition, good results have
been obtained by the use of high-quality oil base
paints.

Portland c¢ement pain generally gives
excellent results. The brick wall should be at
least 30 days old before the portland cement

LOOSE STONE

) 'f AR

4" TILE DRAIN

WHEN TILE DRAIN 1S OMITTED, THE
ORAIN IS CALLED A FRENCH DRAIN

133.32¢
Figurs 8-76.~Drsin sround foundation.
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paint is applied and all efflorescence (a white
powdery crystalline deposit) must be removed
from the surface to be painted. Manufacturer’s
instructions for mixing and applying the paint
are to be foilowed. Surfaces must be damp when
the paint is applied, which is an advantage. A
water spray is the best means of wetting the
surface. Whitewash or calcimine type brushes are
used to apply the paiut. Portland cement paint
can be applied with a spray gun but its rain
resistance will be reduced.

Fire-Resistant Bricks

Firebricks are manufactured for such uses as
lining furmaces and incinerators. Their Puipose is
to.protect the supporting structure or outer shell
from intense heat. This outer shell may consist
of common brick or,in some cases, steel, neither
of which has g0od heat resistance.

There are two types of fire-resistant brick:

FIREBRICKS are made from a special clay
known as firc clay. They will withstand high
temperatures and are heavier and usually larger
than common brick. The standard size is
9by 4 1/2by 2 1/2in.

SILICA BRICK should be used if resistance
to acid gases is required. Sifica bnck should not
be used if it is to be altermately heated and
cooled. Most incinerators. therefore, should be
lined with firebrick rather than silica brick.

Thin joints are of the utmost importange n
laying firebrick. 7 his is especially true when the
bricks are exposed to high temperatures, such as
those occurring in incinerators. The bricks
should be kept in a dry place until the time they
are used.

The mortar to be used in laying {irebrick
consists of fire clay mixed with water. The
consistency of the mortar should be that of
thick cream. Fire clay can be obtained by
grinding used firebrick.

The brick is dipped in the mortar in such a
way that all faces except the top face are
covered. The brick is then tapped firmly in place
with a bricklayer’s hammer. The joint between
the brick should be as thin as possible and the
brick should fit tightly together. Any cracks

3.0
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Figure 8-77.—Details for a cavity wall.

between the fire brick will allow heat to
penetrate to the outside shell of the incinerator
or furnace and damage it. The firebrick in one
course lap those in the course below by one-half
brick. The head jointy are thus staggered in the
same way as they are ftaggered in the usual type
of brick construction.

Silica brick are lajd without mortar. They fit
so closely that they fuse together at the joints
when subjected to high temperatures. The head
joints for slica brick are staggered, as for
firebrick. -
pd
Special Types of Walls

Different types of walls, such as cavity,
rowlock, and partition are built of brick. Wood
frame and concrete block walls can also be
finished by brick, known as VENEER,

CAVITY WALLS provide a means of
obtaining a watertight wall that may oe
plastered without the use of furring or latning.
From the outside they appear the same as solid
walls without header courses (fig. 877). No

headers are required because the two tiers of
brick are held together by means of metal ties
installed every sixth course and on 24-in.
centers. To prevent waterflow to the inside tier,
ties must be angled in a downward direction
from the inside tier to the outside tier.

The 2-in. cavity between the two tiers of
brick provides a space down which water that
penetrates the outside tier may blow without
passing through to the inside of the wall. The
bottom of the cavity is above ground level and is
drained by weep holes placed in the vertical
joints between two bricks in the first course of
the outer tier. These holes may be formed by
leaving the mortar out of some of the vertical
joints in the first course. The holes should be
spaced at about 24-in. intervals. The air space
also gives the wall better heat- and
sound-insulating properties.

One type of ROWLOCK WALL is shown in
figure 8-78. The face tier of this wall has the

HEADERS
N

INTERIOR

RS

st~ Y EXTERIOR
2" AIR SPACE

133322
Figure 8-78,—Datails of a rowlock backwall.
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same appearance as a common bond wall with 2
full header course every seventh coutse. The
backing Her is laid with the brick on edge. The
face tier and backing tier are tied together by a
headet course as shown. A 2+in. space is
provided between the two tiers of brick, as fora
cavity wall.

An all-rowlock wall is constructed with brick
in the face and backing tier both laid on edge.
The header course would be installed at every
fourth course. three rowlock courses to every
header course. A rowlock wall is not as
watertight as the cavity wall. Water is able to
follow any crack present i the header course
and pass through the wall to the inside surface.

PARTITION WALLS that carry very little
toad can be made using one tier of brick only.

HEADER
1" sPACE
FOUNDATION—el_* ¢

L

This produces a wall 4 in. thick. A wall of this
thickness is laid up without headers.

Brick are laid in cavity walls and partition
walls according to the procedure given for
making bed joints, head joints, cross joints, and
closures. The liné is used the same as for
common bond-wall. Corner leads for these walls
are erected first and the wall between is buili up
afterward.

Facing or finishing a wood frame yrall with
BRICK VENEER (fig. 8:79) is done by sheathing
the frame with either plywood or boards and
then applying the facing brick to the sheathing.
Be sure to leave a l«in. air .v2~2 between the
brick and the sheathing and anc hor the brick to
the frame with metai ties spaced at least 24 in.
apart both hodzontally and verticafly.

b2
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BRICK VENEER

MORTAR BED

CORRUGATED METAL TIES

133.448

Figure 87 9.—Brick venaar over wood framae.
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Figure 8-B0.—Brick veneer on wire mush,
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Figure B-83.-TyPicsl wall section, brick veneer on
frame.
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133.451
Figure 8.82.—Beginning brick venesr on block foun-
dation,

In another method (fig. 8-80), the framing is
covered with a paper-backed, weld-wire mesh.
The mesh is then covered with mortar at least
1 in. thick <o thar ihe brick will be separated
from the framing. Figure 8-81 shows a typical
wall section that has been brick veneered.

There are several steps taken in applying a
BRICK VENEER over a concrete block wall,
Figure 882 shows that 10-in. concrete blocks
are used for the foundation. Then, 2s shown in
figure 8-83, a course of header brick is laid,
followed by 4-in. concrete block set behind the
brick veneer course. Finally, the back of the
facing brick is mortared, as shown in figure 884,

REINFORCED BRICK MASONRY

Because the strength of brick mnasonry in
tension is low, ¢ compared with iis compressive
strength, reinforcing steel is used when tensile
stresses are to be resisted. In this respect brick
masonry and concrete construction are identical.
The reinforcing steel is placed in the horizontat
or vertical mortar joints. Reinforced brick
masonry may be used for beams, columns, walls,
and footings in the same manner as reinforced
oncrete is used. Structures butit of reinforced
brick masonry have successfully resisted the
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133.452
Figurs 8-83.—Header brick in place for structurat
bord.

effect of earthquake shouks intense enough to
damage unreinforced bnick structures severely,
The design of reinforced bnck masonry
structures 1s siniitar to the design of reinforced
concrete structures.

Brick used for reinforced brick masonry is
the same as that ysed for ordinary brick
mason:y. 1t should, however, have a compressive
strength of at least 2,500 1b per sq inch.

The reinforcing steel is the same as the steel
used to rewmnforce concrete and it is stored and

133.453
Figure 8-84.—Back plastaring the facing brick.
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fabricated it the same way. Hard-grade steel
should not be used except in emergencies
because many sharp bends are required in this
type of construction.

Type N mortar is used because of its high
strength.

Wire for tying reinforcing steel should be
16-gage soft annealed iron wire.

Construction Methods for
Reinforced Brick Masonry

Bricklaying procedures and those for normal
brick masonry are the same. Mortar joint
thickness is 1/8 in. more than the diameter of
the steel bar used for reinforcing. This will allow
1/16 in. of mortar between the surface of the
brick and the bar. When large steel bars are used,
‘he thickness of the mortar joint will exceed 1/2
inch.

All reinforcing steel must
embedded in mortar.

Horizontal bars are laid in a bed of mortar
and pushed down until in position. More mortar
is spread on top of the rods and smoothed out
until 8 bed joint of the proper thickness can be
made. The next course of brick is then laid in
this mortar bed according to the procedure
outlined for laying brick without reinforcing
steel.

Stirrups for most reinforced brck beams
must be of the shape shown in figure 885, in
order to place them in the#&nortar joints. The
lower leg is placed under the horizontal bars and
in contact with them. Note that this may require
a thicker joint st this point.

Vertical bars aie placed in the vertical
mortar joints. They are held in position by wood
templets in which holes have been drilled at the
proper bar spacing or by wiring to a horizontal
bar. The brick is laid up around the vertical bars.

Horizontal and vertical bars need not be
wired ftogether as was recommended for
reinforcing steel in concrete walls.

The minimum centerto-center spacing
between parallel bars is 11/2 times the bar
diameter.

Reinforced brick beams require foym work
for the same resson that reinforced concrete
beams need form work. The form willi consist
only of a support for the bottom of the beam.
No side form work is required. The forr for the

be firmly
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133,322
Flzure 8-85,—Reinfurced brick and masarey bsam.

bottom 1s the same and §s supported in the same
way as recommended for concrete beams. No
form wosk is required for walls, columns, or
footings.

Whers the beam joins a wall or another
beam, the form should be cut 1/4 in. short and
the gap filled with mortar to allow for swelling
of the lumber and to permit easy remaval of the
forms. (At least 10 days should elapse before the
battom form work for beams is removed.)

Reinforced Brick Masonry Beams

The width and depth of beams depend upon
brick dimensions, thickness of the mortar joints,
and the load that the beam is required to
support. Bear widths are usuaily the same as
the wail thicknesses; that is, 4, 8, 12, aad 16
nches. The depth should n1ot excsed about thre
times the width, :

The first course of brick is laid on the form
with full hesd joints but without a bed joint (fig.
8-85).

A bed of mortar zbouf 1/&in. tiiicker than
the diameter of the horizontal reinforcing bars is
spread oy the first course of brick and the bars
esnbedded in it as already described.

If stirrups are required, the leg of the stirmup
is slipped under the horizontal bars as shown in
fipue 8-85, Care must be taken to get the
stimup in the center of the veriical mortar joint
in which itis to be placed. f

After the stirrups and the horizontal bars are
in the proper position, spread additional mortar
on the bed joint if necessary, and smooth the
surface of the mortar. The mortar bed is now
regdy for the remaining courses which are laid in
the usual woy.

All of the brick i one course are taid bafore
any brick in the next course are placed. This is
necessary te insure 8 continuous bond between
the mortar and steel bars. [t is frequentiy
necessary to have three or four Builders working
on one beam in order to get the bed joint mortar
for the entire course spread, reinforcing steel
placed, and the brick laid before the mortar seis
up.

The proper placement of reinforcing steel in
the brick wall above a window or door opening
will serve the purpose of & lintei.

The steel bars should be 3/3 in. in diameter
or less if it is necessary to maintain a 1/2-in.
thick mortar joint. The bars should extend

STEEL REINFORCING BARS

ROWLOCK COURSE

133.324
Figure 8-88.—Reinforced brick mascrry fintsls.
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15in. into the brick w2l 2n cach sids of the
opening 2nd should be placed in the first mortar
josnt above the opening and also in the fourth
joint above the opening (fig. 8-86). The lintel
acts a5 & beam and nceds a2 bottom forin. The
number and size bars required for different
width wall npenings are as follows:

Width of wail Number and size

opening in fest of bars
6 ... .. Yea 1'44n diameter bars
9...... 3 e 1/4<n. diameter bars
2 .. ... 3eza 3 8an. diameter bats

Reinforeced Brick Masonry Foundations

in large tootings. remnforeing sieel is usually
needed btecause of the tensile stresses thot

RN

N0 3 SARS

N

A

AN

N

N

Figure 287 .~ Reinforead nissoney wall tooting.
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develop, As in all brick foundations, the first
course of brick is laid in a bed of mortar about
1 in. thick that has peen spread on the subgrade.

A typical wall footing is shows In figure
8-87. The dowels extend above the footing; their
purpose is {o G2 the footing and brick wall
together. The Nu. 3 bars shown runaing parallel
to the dijection of the wall are used to prevent
the formation of cracks perpendicular to the
wall.

Column foviings are usually square or
rectangular and are reinforeed as shown in figure
8-86. ‘The dowels arc needed to anchor the
columin io the footing znd to transfer stress
from the column fo the footing. Note that both
ayers of horizontal steel are placed in the same
mortar joint. This is not necessay and, if large
bars are used one layer of steel <hiould be placed
in the second mortar joint above the bottom. [f

FSTEEL DOWELS EXTENDING
UF FROK FOOTING

REINFORC NG BARS
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Fiyure B-88. —-Reinforcad mutonry column footing.

thoy s done, the spa.ing between the bars ;n the
upper laver of stzel must be reduced.

Reinforced Brick Masonry
Cotumns and Wslls

The load-carrying <apacity of bprick columns
s5 inereased when they are reinforced with steel
bars. There should be at least ! 1/2ir. of mortar
or brick covening the reinforcing bars and these
bars should he held in place with 3/&in.
diameter steel hoops or ties as shcwn in figure
" 8-89. When possible, the hoeps or ties should be
circular rather than rectangular of Square. The
ends ¢f the hoop or tie should be lap-welded
together or bent around a reinforcing bar. Hoops
should be ir .talled at every course of brick.

After the footings are completed, the
column remnforcing steel is tied te the dowels
projecting from the footing. The required
number of hoops is ther slipped over the

856

longitudina! reinforcing bars and temporarily
fastened to these bars some distance above the
level at wiuch brick are being laid but within
reach of the Builder laying brick. It 1s not
necessary for the haops to be held in position by
wiring them to the longitudinal reinforcing. The
tops cf the longitudinal reinforcing burs are held
in position by means of a wood temrplet o7 by
securely tying them to a hoopr placed near the
top of a columi.

The bnck are lajd 2 descnbed previously.
The hoops are placed in a full bed of mortar and
the mortar smoothed out before the next course
of brick is laid. Brick bats may be used in the
wore ot the column or where it is inconvenient
or impossible to use full-size brick. After all the
brick in a course are laid, the core and all
remaining space around the reinforcing bars is
filled with mortai. Any bats required aré then
pashed into the mortar until completely
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Figure §.89.—Rainforced brick masonry columns.

embedded. The next mortar bed is now spread
and the process repeated.

Reinforcing steel for walls consists of both
horizontal and vertical bars and is placed as
discussed previously. The vertical bars are wired
to tite dowels projecting up from the footing
below and are placed in the mortar joint
between tiers of brick. As the brick are laid, afl
space around the bars is filled with mottar.
Otherwise, the wall is constructed as specified.

In the construction of comer leads, bars
should be placed in the comer as shown in figure
8-90. The extension is 15 in. and the bar size
should be the same as that used for hotizontal
bars in the rest of the wall. The horzontal bars
in the remainder of the wall lap these comer
bars by the same 15 inches. As for beams, all the
brick in one course between comer leads are laid
before any other brick are laid. Thjs is necessary
since the entire reinforcing bar must be
embedded 1n mortar at the same time.

8-57
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REIKFORCING BARS WITH 15" EXTERSION

133.328
Figure 8-20,~Comur lesd for reinforced brick matonry
wail,

ESTIMATING BRICK AND MORTAR

You can estimatc the number of bricks and
the quantity of mortar needed for a 4, 8, or
[2-inch wail when given the thickness of the
mortar 0int and -the exact size of the bricks.
The following example shows the method of
estimating the number of bricks for a 4-inch wall
measuring 8 ft high and 14 fi tong. EXAMPLE:
Specifications call for the use of 2 1/4- by 3 3/4-
by 8inch bricks and bed and end joints of 1/2
inch each. The brick face with its mortar joints
measure 23/4in. high by 8 1/2in. long us
shown in figure 8-91.

Step 1. Find the surface area by multplying
the height and the length of a brick (including
the mortar joints). 23/4in.x81/2in.=
2,75 ip. x 850in. = 23,38 sq in.

Step 2. Find the number of bricks per square
foot of wall. Since i sqft= 144 sqin.. divide

1/2

TUED JOINT

ERD JOINT

2547

21747
]

e
=

a‘l
g1/2”

Figure 8-91.—Averags size brick with mortar joint.
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Table 8-7.—Mortar Requiraments
Cubic Feet of Moctar Required for 1000 Bricks
{(No Allowance for Waste Included, add 10°, for Waste)
Joint Various Wall Thicknesses (i0.)
Thickness I
(in.) 4 : g 12 16 20
} 5.7 8.7 97 10.2 10.5
i 8.7 118 129 134 13.7
i 117 15.0 162 168 171
t 148 18.3 9.5 20.1 20.5

144 by 23.38. This gives you the number of
bricks (6.16) for a 4-inch wall. (Double this
number for an 8-inch wall, iriple it for a 12-inch
wall.)

Step 3. Find the area of the brick wall by
multiplying its height by its length.
8itx 14 t=112sqft.

Step 4. Multiply the area of the wall by the
number of bricks per square foot. En this case,
112 x 6.16 or 690 bricks.

Note: if there are windows, doors, and other
openings on the wall, you subtract the area of
these openings from the overall area of the wail
to get the net area. Then, in step 4, you multiply
the number of bricks per sqliare foot by the net
area,

In finding how much mortar is required to
build a given wali, div:le the total number of

133465

bncks by 1,000, multiply the result by the
factor given in table 8-7, and allow (0% for
waste. EXAMPLE: A total of 13,832 bricks are
required to build an 8-inch wall where the
mortar joints are 1/2 in. thick. Find the amount
of mortar required.

Step 1. 13,832+ 1,000~ 13.832.

Step 2. In table 87, find the appropriate
fa.tor. For an 8-in h wall and 1. 2-inch joint, the
factoris 15.0.

Step 3. 13.832x 15=2075¢cu it,

Step 4. Add 10% for waste. Waste
allowance = 207.5x Q.10 or 2075 cuft.
207.5+20.75=228.25cu ft.

Therefore, 228.25 cu it is the amount of
mortar required to lay 13,832 bricks for an
8inch wall, using 1/2-inch-thick mortar joints.




CHAPTER 9

LIGHT FRAME CONSTRUCTION: FLOOR AND WALL

Thiz chapter provides general information on
your job as a Builder on how the various
members of floor and wall framing are
assembled. An explanation of the procedures
applicable to the installation of subflooring,
interior construction, doors, windows, and
theathing is also given,

Be sure safety is giver prime consideration
by you and your crewmembers during all phases
of light frame construction,

THEQRY OF FRAMING

The two major parts of a building are the
foundationi and the part above the foundation,
which is called the SUPERSTRUCTURE. A
FRAME building is one in which the skeleton of
the superstructure consists of a framework of
wooden structural members. This framework is
called the FRAMING of the building, and the
framing is subdivided into FLOOR FRAMING
AND WALL AND ROOF FRAMING. Floor
framing consists for the most part of horizontal
members called JOISTS and wall framing for the
most part of vertical members called STUDS,
Roof framing consists of both horizontal and
vertical members which will be discussed in a
later chapter.

In the days when lumber and labor were
plentiful and nails were scarce, it was the custom
to use large-dimension timbers {4-by, 6-by, &by,
etc.) for framing members, and to Join members
together with mortise-and-tenon joints, fastened
with wooden pins. As lumaber and labor became
more expensiv®, as nails became cheaper, and as
the machinery for cutting lumber to smaller

dimensions became more highly developed, the
large-timber method of framing (called FULL
framing) gradually went out of use. Newer
methods, in which the framing members consist
of small-dimension lumber (usually 2-by)
fastened together with nails, are now used.

Of the newer framing methods, the most
common is PLATFORM FRAMING (also called
WESTERN and STORY-BY-STORY
FRAMING). In platform framing there are
separate studs for each floor, anchored on SOLE
PLATES laid on the subflooring, as shown in
figure 9-1.

SILL FRAMING

The work involved in sill construction is a
very important one for the Builder. The
foundation wall is the support upon which all
structure rests. The sill is the foundation on
which all framing structure rests and it is the real
point of departure for actual building activities.

The sllls are the first part of the frain® to be
set in place. They rest either directly on the
foundation piers or on the ground, and may
extend all around the building; they are joined
at the comers and spliced when necessary.
Figure 92 shows some common types of sills.
The type used depends upon the general fype of
construction used in the frame.

The BOX-SILL assembly shown in figure %3
is the type most frequently used in platform-
frame construction. In this type, the ends of the
joists are framed against a HEADER-IOIST
which is set flush with the outer edge of the sill.
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Flgure 8-1.—Platforn-frame wall saction.

Sills are usually sinigle, as shown in the examples
which have been illustrated, but a doubie sill is
occasionally specified.

Balloon-frame construction uses a nominal
2in. or thicker wood sill upon which the joists
rest. The studs also bear on this member and are
aailed both to the floor joists and the sill. The
subfloor is laid diagonally or at right angles to
the joists and a firestop added between the studs
at the floorline. (See fig. %-4.) When diagonal
subfloor is used, a nailing member is normally
;equired between joists and studs at the wall
ines.

%2
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. Figure 92.-Types of sills.

SILL LAYOUT

The sill is normally the first member to b2
laid out. As indicated in figure 9-1, the edge of
the sill is usually set back from the edge of the
foundation a distance equal to the thickness of
the sheathing. When this is the case, the length
of sill stock required to cover a section of
foundation wall is equal to the length of the wall
section minus twice the amount of the set-back.

To make up this length, you should select
lengths of sill stock which will most
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Figure 9-3.—Box-sill assembly.
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Figurs 8-4.~Sill for balloon framing.
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Figure 8-5,—Built-up wood girder.

conveniently and economically make up the
total required .ength. Suppose, for example, that
the section of wall calls for 33 ft of 2 by 8 sill
stock and you have 2 by 8% available in {8&ft,
16-ft, 14-ft, and 6-ft lengths. You could select
two 1&£t pieces and cut 3 ft off one of them, or
you could select two 14-ft pieces and a 6-ft
piece and cut a foot off the 6-ft piece. In the
first instance, however, you would have 3 fi of
waste, while in the second you would have two
Joints in the siil. To minitmize both waste and
the number of joints, you should select one
1&ft and one 16-ft piece and cut 1 ft off of one
of them,

Once the required length has been made up,
the next step is {o lay out the locations of the
anchor bolt holes as follows: place each piece of
sitl stock on the foundation, inboard of the

4
317
-— _—

bolts, but otherwise in exactly the position it is
to occupy, and square a line across the stock
from the center of each bols. To lay out the
bolt-hole center on each of these lines, measure
the distance from the center OF EACHBOLT to
the outer edge of the foundation, subtract the
amount of the sill set-back from this distance,
and lay off the remainder ON THE COR-
RESPONDING BOLT LINE, measuring from
what is to be the outer edge of the sill.

The reason you must lay out cach bolt hole
separately is that the bolts may be set at slightly
vasying distances from the edge of the
foundation and from each other.

SILL PLACEMENT

Bore the bolt holes with an auger bit 1/8 in.
larger in diameter than the bolt diameter, to
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allow for making stight adjustments in the
location of the sil. When all the holes have been
bored, try the stock for the whole section on the
bolts for a fit. if the fit is satisfactory. remove
the pieces of stock and place a thin layer of
seater on top of the foundation. Replace the
pieces and check the whole sill for line and level.
Place small wedges. if necessary, to hold the
pieces level until the sealer sets. Then place the
washers on the bolts, screw on the nuts, and bolt
the sill down.

FLOOR FRAMING

The floors of a frame building are supported
on a senes of JOISTS. Depending upon the
length of the SPAN (distance between tle
end-supports of the joists) and the expected size
of the combined live and dead load on the floor,
joists may run anywhere from 2 by 4 to 3 by 10.

The usual joist size for most ordinary frame
construction 1s 2 by 10. The outside-wal! ends of
first-floor joists are toenailed 10 the sill.

in platform framing the ontside-wail ends of
upper-floor joists are anchored on the lower
floor top plates. In most cases they butt against.
and are nailed to, a HEADER JOIST, set flush
with the outer edge of the plate. This amounts
to a repeat of the box-sill framing arrangement
used on the first floor.

FRAMING JOISTS TO GIRDERS

The distance between an opposing pair of
ottside walls is often too great to be spanned by
a single joist. When {wo or more joists are
required to cover the span, intermediate support
for the inboard joist-ends is provided by one or
more girders. First-floor girders are supported on
piers of on basement columns; upper-floor
girders are supported on lower-floor columns.
Girders may consist of wood, either solid or
LAMINATED, bhuilt up of several wooden
members spiked or bolted together, or they may
consist of steel beams. (See fig. %-5.)

Figure 9-€ shows three common methods of
framing inside ends of joists to wooden girders.
In view A, fig. 9-6, the joist ends are lapped on
and toenailed to the girder, and spiked to each
other. In view B, fig. 9-6, the joist ends are
notched so as to bear partly on the girder and
partly on a LEDGER PLATE nailed to the side
of the girder. Again the joists are toenailed to
the girder and spiked to each other.

133.01
Figure '»B.~Methods of framing jolzts to wooden giruers.,
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Specifications usuafly require that joists not be
notched to more than one-third of their depths.
The JOIST HANGER (also called a STIRRUP)
shown in view C, fig. 9-6, is used when the
nature of the construction requires that the
upper and lower edges of the joists come flush
with the top and bottom of the girder.

When a space is required for heat ductsina
partition supported on the girder, a spaced wood
girder is sometimes necessary. (See fig. 9-7.)
Solid blocking is used at intervals between the

two members. A single post support for a spaced .

girder usually requires a bolster, preferably
metal, with sufficient span to support the two
niembers.

Joists may be arranged with a steel beam
generally the same way as illustrated for a wood
beam. Perhaps the most common methods,
depending on joist sizes, are:

1, The joists rest directly on th= top of the
beam.

SoLID

2. Joists rest on a wood ledger or steel
angle iron, which is bolted to the web, as shown
in view A, fig. 9-8.

3. Joists bear directly on the flange of the
beam as shown in view B, of fig. 9-8.

In the third mz_zthod. wood blocking is required
between the Joists near the beam flange to
prevent overtuming.

JOIST LAYOUT

A COMMON JOIST is a full-length joist that
spans from wall-to-wall or from wall-to-girder,
The best way fo layout common joists for
cutting is to figure the correct length of a
common Joist, cut a piece of stock to this
length, notch it for identification, and use the
piece as a PATTERN from which to cut the
other common joists.

SCAB (NAIL TO JOISTS)

SPACED
GIRDERS

133.460
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STRAp TIES SLOCKING

133.451
Figure 9-8,—Steelbearn and joists: A. Besring on ledger
B. Bearing on flanga.

A CRIPPLE JOIST 1s similar to 2 common
joist with the exception that it does not extend
the full span as a common joist does. Cripples
are normally interrupted by floor openings. The
best way to lay out cripples for cutting is to
postpone the crpple layout until after the
headers have been placed: then measure the
spaces which are to be spanned by the cripples

In platform framing, the outer ends of the
joists usually but{ against a header joist which is
set flush with the outer edge of the sill, In this
case the length of a wall-to-wall common joist
will be the distance between the outer edges of
the sills, minus twice the thickness of a header
joist,

%7

The length of the common joist req:tired to
cover a given span between an outside wall and &
girder varies with the character of the wall
framing and also with the manner in which the
joists are framed to the girder. The length of the
common jo:.st required to cover a given span
between two girders varies with the manner in
which the joists are framed to the girders. Joigfs
which lap a girder with full bearing (meaning
joists which extend all the way across ths top of
the girder) must obviously be longer than joists
which butt each other on the top of o girder.
Joists in hangers, which butt against the sides of
a girder, are shertor than joists which butt each
other on top of a girder.

The whole floor-framing situation must be
studied closely before 2 common joist pattern is
cut. Whenever possible, the cutting of u pattern
should be delayed until the sills, headers, and
other supporting or abutting menibers are
erected. The joist length can then be determined
by measurements taken on the actual structure.
Whenever possible, the common joist pattem
should be tried on the actual structure for a fit
before any joists are cut from it.

The location of a joist end is marked on 2 sill
or a header joist by squaring a line across and
drawing an X alongside it. The X indicates the
side of the line on which the joist end-section is
to be placed.

The location of one of the outside joists is
marked first, and the locations of the others are
then measured off from this one in accordance
with the specified spacing of joists O.C

Figure 9-9 shows the method of laying out
joist locations on the header joists in a
platform-frame box sill, in which the headers
and outside joists come flush with the outer
edges of the sill.

Before you start laying out the joist
locations, you should study the floor framing
plan to learn the locations of any double
trimmers which will be needed to provide
additional support around floor openings.
Locations of double trimmers are marked with
two lines and two X’s. The jocations of cripples
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HEAL

ER JOIST

133.104

Figure 8.9.—Joist location layout-platform-frame box sill asembiy with header joists.

are marked the same as the locations of common
joists, but with the word CRiP written in
alongside.

JOIST ERECTION

The usual procedure for erecting joists is as
follows: if there are any header joists, these
Joists are ¢ut and erected first. As a general ruie,
the iength of a platform-frame header is cqual to
the shortest distance between the outer edges of
the sills. Header joists are toenailed to the sills
with 10-penny nails spaced 16 in. O.C.

As soon 2s a common joist pattern has been
laid out and cut as previously described, a

9-8

CUTTING PARTY starts cutting common joists.
As cach joist is cut, a two-person CARRYING
PARTY carries it to its location and lays it flat
across the span, A two-person CONSTRUCTION
PARTY (one person at each end of the span)
erects the outside joists first. Each of these is
toendiled down to the sill or plate with
10-penny nails spaced 16in. O.C., and
end-nailed through the headers with three
16-penny nails, (See table 9-1.) Incidentaily,
many joists have a slight curve to them, and the
convex edge of a joist is called the CROWN. A
joist should always be placed with the crown
UpP.

Next the joists lying between the outside
joists are set on edge and the ends of cach joist

331
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Tsble 8-1.—Recommwnded Schedule for Nailing the Framing aad Sheathing of 2 Wood-Frame Buitding

Joining

Header to juist T
Joist 10 4ill or girder

Header and atringer jount 10 gl
Bridging 10 join
Ledyer strap 10 beam, 2 . thick
Subfioor, boards:

1 by Gin. and smeller

Y hy 8in.
Subﬂ;cr. 'y waod:

1

At intermediate jousts

Subfloor (2 by 6 .. T&G) 10 jorst o girder

Solephite i atud, horieontal assembly
Top plate 10 atud

S1ud to soleplute

Soleplate 1 Joiat o blocking

Doubled stods

End atud O(ihlmlin‘ wall fo exterinr well aud
Upper top plate 10 iower top plate

Upper 10p plate, Inps and intecsections
Continuous beader. 1wo preces, vvch edie
Ceiling joist 10 10p wall plates

Cailiug joist faps at partition

Faflier 10 10p plate

Rafier 10 ceiling Jout

Rafier to valley oe bup ralier

Ridge hoard 1o rafier

Balier 1o rafier theough rdge board

Collar beam 10 ralter
2 in. member
1ip. member
1-in. diagonal fetan braee 10 each stud and plate
(& oals a1 10p)
Buli-up comer atuds.
Studa 10 blockssg
[nteraccting otud 10 corner studs
Buli-up girders and bramas, three or more mem.
bere

Wall sheathing:
1 by 8 In. of lesa, hoezontal
1 by G in. or greater. dagonal
Wall sbeatbing, vertieally apphbed plywinnd
34 in. and Jews thaek
44 in, and over thick
Wall abeatbing, verucally apphed fberboard
4 in. thiek
"e in. thick
Rool sheathing. boards, 3. b 80 width
Rool sheathing: plywood
34 'n. and less thick
$o w1, and over thick

- -

Nuls
Naling method  Num. Sue Placement
biee
End.nal 3 1od
Toenal 2 104 or
3 L
Toensl 1od I6wm on remier
Toenail each end 2 8d
k] [[%] Al each ot
2 &d To each yoant
3 ad To each jmet
8d Hoan on cenler
Hl B in on eentee
Mind.nal {raming:
and fare.nasl 4 [T
End.nml 2 Tawt A each atel
End.nal 2 lod
Toenwl L) Bd
Faee.nwl bl 16w an center
Fare-nail. stafger 1od 16 on center
Farena lind LA om center
Fare.nail 1] It on center
Face.nal z Yiul
124 12 an cenrer
Totaml 1 tt
Faceanl 1 1wl
Toenul 2 #d
Fare nask . Tl
Porant ] 1
Fad.nasl 1 tenld
Fornsd 1 Bd
Edgeamart i Lisd
faenni N 124
Farenail ' l
& 84
Facenatl 2 1od F ach arde
Fave.naiid (L%} L2y on cemier
Fare nal 2tk 32w on center. pxch nde
F ace.nail 2 wl At esch atnd
Facenarl ¥ il A3 each atud
I'Iarr-nlrf od ’ i edge
Vacemal Ad 12 10, 1ptermed.ate
Face.nml 1 11, in, roohing nail} 3 vn edge and
Face.nath ' 14w rooltng nadl £ wntermediate
Furenns) 2 R At each ralter
‘aee. )
Face-nal o 6n edge and 12 in. sntennediate

Farenml

9-9

ed |

133,462
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133.93
Figute 8-10,—~Framing around floor opening.

are toenailed down to the sill or plate with two
10-penny nails, one on each side of the joist.
Only the inner trimmer of each pair of tnmmers
is erected at this time, and no cripplcs are cut at
this time. If it 1s necessary to splicc the juists

over a girder or center beam, each joist should
be toenailed to the girder beam with 10-penny
nails; then nailed to each other with three or
four 16-penny nails. If a nominal 2-in. scab is
used across butt-ended joists, it should be nailed
to each joist with at least three i6-penny nails at
each side of the joist. After all the common
joists, and trimmers have been set on edge and
toenailed, the joists are plumbed and
temporarily braced as follows:

A temporary brace (usually a 1 by 6) is then
laid across the tops of the joists at the center of
the span. The outet ends of this brace are tacked
down to the outside joists with 8-penny nails,
driven only part-way in to allow for ease in
extraction when the brace is removed. Beginning
with the joist next to an outside joist, the joists
are plumbed consecutively, and as each joist is
plumbed, it is braccd with an 8-penny nail,
driven through the brace into the joist.

A jorst that butts against a header is plumbed
by lining up the joist end with the perpendicular
location hine on the header. When the joist is in

7 OUTSIDE HEAOERS
Ve
R

Ni s

INSIDE YRIMMER

20-PENNY HAILS ————— . .

3
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plumb position, it iz nailed at the ends with
20-penny nails, 2 to each ¢nd. driven through
the header into the josst.

FRAMING AROUNDG
FLOOR OPENINGS

Where a floor opeming ouvcurs, such as 3
stairway opening, the parts of the common joists
which would extend across if there were no
opening must be cut away. The segments
remaining on either side of the opeming are
callet CRIPPLE or TAIL ioists. The
walloy.2ning ends of ecnpples are {framed against
HEADLY RS, as shown 1n figure 910,
Specifications usually require that headers be
doubled -sometimes tripled. The locanon of the
headers are determined from a study of the {loor
framing plan.

Headers are franied between the fulldength
joists which he on either stde of the fioor
opening. These joists are calied TRIMMERS. and

they, too, are usually doubled or tripled.
Headers up to 6 ft in length are fastened with
nails, driven through the trimmess into the ends
of the headers. Headers more then & (t in length
shiould be {astened with joist hangers. Next the
length of a header is determined by
ineasurement of the shortest distance befween
the inside trimmers. The four pieces of joist
stock which will form the double headers are
then cut to correct length, after which the
ouiside header of each pair is set in place and
fastened to the inside trimmers with nails driven
through the trimmers into the ends of the
headers, as shown in {igure 9-11.

Once the outside headers are in place, the
lengths of the crpple joists can be determined
by simple measurement. The cripples are cut, set
in place. plumbed, fastened at the outer ends
hke comimon joists. and fastened at the
floor-opening ends with nails driven through the
outside headers into the ends of the cripples. as
shown in figure 912,
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Figure §-52.—Second stap 'n framing sround floor opening.
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Next the inside headers are fastened to the
outside headers and fastened to the inside
trimmers with 16-penny nails, which are nailed
through the trimmers into the ends of the
headers (fig. 9-13). Finally the outside tnmmers
are set in place and nailed to the inside trimmers
with 16-penny nails spaced 12 in. 0.C,, as shown
in figure 914,

FLGOR FRAMING
UNDER PARTITION

A PARTITION is a wall other than ¢ne of
the outside walls of the structure. An
upper-story partition is not always supported by
a partition located directly urder it on the story
below. When ii is not, the floor must be
strengthened to carry the load of the partition.
For a partiton running parallel to the lines of

TeEOE TRIMER.

%12

the joists, strengthening is accomplished by
doubling the joist under the partition (fig. -15}.

The joist is doubled by nailing two joists to &
series of SOLID BRIDGES, usually placed from
14 to 20in. O.C. The bridges must seperate the
Joists by the width cf the partition sole plate, to
insure that the upper edges of the joists will be
avairable as nailing surfaces for the finish
flooring. Sole viate stock, cut in lengths equal to
the depth of the joist, is the hest material to use
for the bridging.

For a partition vhich nins across rather than
parails]l to the joists, every other joist in e
floor (or every joist, if so specified) is doubled in
tle same manner.

FLOOR FRAMING
AT WALL PROJECTIONS

The framing for 2 wall projection, such as a
bay window or first or second floor extensions

133.107

Fifure 813 —Third stet in framing sround foor opening.
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Figure 8-14.—Fourth step in framing around flocr opening. 133.108
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L]
beyond the lower wall, should generally consist
of the projection of tht floor joists. (See fig.
9%16.) This extension normally should not
exceed 24 in. unless designed specifically for

greater projections, which may require special

anchorage at the opposite ends of the joists. The

“joists forming each side of the bay should be
doubled. Nailing, in general, should conform to
that for stair openings. The subflooring is carried
to and sawed flush with the outer framing
member, Rafters are often carried by a header
constructed in the main wall over the bay area,
which supports the roofload. Thus the wall of
the bay has less load to support.

Projections at right angles to the length of
the floor joists should generally be limited to
smalil areas and extensions. In this construction,
the cripple should be carried by single or double

3

SiNGLE OR
DOYBLE TRIMMER
JOIS'

0'/
QUTSIDE #0i%T

joists {view B, of fig. %16). Joist hangers or a
ledger will provide good connections for the
ends of members. -

BRIDGING

The system of bracing the joists to each
other is called BRIDGING. The chief purpose of
bndging is to hold the joists plumb and in
corect alinement. but bridging also szrves to
distribute part of a‘concentratcd heavy .vad,
such as the weight of a piano, over several joists
next to those directly under the load.

As soon as enough common joists have been
erected, the installation of bridging begins.
Cross-bridging struts are nailed (usually with
8-penny nails) at the top ends only at this time.
Bottom ends will be nailed from below, after the

DOUBLE_ JOIST

L

133.463

Figure 8-16, -Floor framing at wall projections. A. Projection of joist for bay window extonsions 8, Projection st right
angles to loists, '
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joists have adjusted themselves 10 the weight of
the subflooring. Remember the joist should be
placed wath the crown up, so that any
settlement under the waight of the floonng will
tend toward a level instead of towani a sag.

There are two types of bndging. CROSS
bridging (view A, fig. 9-17) and SOLID bndging
(view B, fig. %171 Cross bridging consists of
pairs of STRUTS (common sizes of strut stock
are {by3 '™ 3 2by2 and 2byd) set
diagonally between the joists Solid bridging
consists of pieces of joist-size stock set at nght
angles to the joisis and can be staggered for
easier tnstallation. Comparcd to sohd bndgng.

5000 B8R DGING

45.440
Figura 3 17.~Cross bridging and 1ol bridging.

cross bndging is more effective and more
frequently used n construction. Bridging should
be provided for all spans greater than 6 ft, but
the maximum spacing between rows of bridging
must not exceed 8 ft.

The required length of a cross-bridging strut
and the required angle of cut for the ends may
be figured as follows: select a piece of board
equal in width 10 the ACTUAL depth of a joist,
and 4 or S in. longer than the specified spacing
of juists 0.C. Square two lines across the board,
separated from each other by a distance between
the (wo joists. Thase two lines represent the
opposing faces of the two adjacent joists.

Next. sketch in the edge outline of one of
the struts. as shown in figure 9-18. using the
ACTUAL thickness of the material. The
measured length of this outline is the required
length of a strut. To cut struts to this length and
iv the correct end-angle, proceed to make a
miter box as follows

First. edge-butt 2 length of 2by 4 to a
lengih of 2 by 6. as shown tn the second and
thurd views of figure 9-19. Then set the framing
square on the layout, as shown in the first view,
with a convensent  figure on  the tongue
intersected by the lower end of the strut outline.
Note the figure that the outline intersects on the
blade, as indicated. Set the framing square to
this ¢cut on the upper edge of the 2 by 6, as
shown i the second view, and draw a line along
the tongue,

A kerf sawed square from this line wall guide
the saw at the correct angle for making the end
cuts. Measure off from the kerf the length of a
strut. and nail a stop block to the miter box at
tliis pomt. as shown in the third view. Struts
may now be sawed to the correct length and the
correct angle by placing the strut stock on edge
in the miter box with the end against the stop
block.

The bridging s5s installed after the joists have
been set in place. but before the subfioor is laid.
At this ime only the upper ends of the struts
are naled. The natling of the lower ends is
postponed unti! after the jossts have adjusted tu
the weght of the subfloonng.
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Figure 9-18.—Layout for crossbridging fruts,
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SUBFLOORING

Subflooring is used over the floor joists to
form a working platform and base for finish
flooring. It usvally consists of square-edge or
tongue-and-grooved boards or plywood 1/2 to
3/4 in. thick, depending on the type of finish
floor, and spacing of joists, as shown in figure
9-20.

Boards

Subflooring may be applied zither diagonally
{most common) or at right angles to ihe joists.
When subflooring is piaced at right angles to the
joists, the finish floor should be laid at right
angles to the subflonring. Diagonal subflooring
permits finish flooring to be laid either parallel
or at right angles (most common) to the joists.
End joints of the boards should always be made
directly over the joists. Subflooring is nailed to
each joiSt with two 8penny nails for widths
under 8 in. and three B-penny nails for 8-in.
widths,

The joist spacing should not cxceed 16 in.
0.C. when finish fooring is laid paralle! to the
joists or where parquet finish flooring is used.

Where balloon framing is used, blocking

bridging struts, 133.96 should be mstalled between ends of joists at the

%16
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DOUBLE JOISTS
URDER PARTITIONS

e

ANCHORED SuL
LAP JOISTS
OVER GLADER
(4 MIHIMUM]
OR BLT
ANO SCal

DIAGONAL SUBFLOOR @ MINIMUM
WIOTH - SQUARSE EocE

133.464

Figure 9-20.—-Floor framing: 1. Nailing bridging to joists; 2. Neiting baard subfloor to joists; 3. Nailing header to joists,
4. Toenailing header to sif!.

wali for n.ajlmg the ends of diagonal subfloor
boards. (See fig. 34.)

Ptywood

Plywood can be obtained in a number of
grades designed to meet a broad range of end-use
requircments. All interiortype grades are also
available with fully waterproof adhesive
identical with those used in exterior plywood.
This type is useful where a hazard of prolonged
moisture exists. such as in underlayments, or
subfloors adjacent to pilumbing fixtures and for
roof sheathing which may be exposed for long
periods during construction, Under nommal
conditions and for sheathing used on walls,
standard sheathing grades are satisfactory.

Plywood suitable for subfloor, such as
standard sheathing, structural I and 11, and C-C
exterior grades. has a panel identification index
ma;king on each sheet. These Mmarkings indicate
the allowable spacing of rafters and floor joists
for the various thicknesses when the plywood is
used as roof sheathiag or subfloor. For examptle,

917

an index mnark of 32/16 indicates that the
plywood panel is suitable for a maximum
spacing of 32in. for rafters and 16 in. for floor
joists. Thus, no problem of strength differences
between species is involved as the correct
identification is shown for each panel.

Plywood can ulso serve as combined
plywood subfloor and underlayment, elim-
inating separate underlayment because the
plywood functions as both structural subfloor
and 2 good substrate. This applies to thin
resilient floorings, carpeting, and other
nonstructural finish flooring.

Plywood should be installed with the grain
direction of the outer plies at nght angles to the
joists and be staggered so that end joints in
adjacent panels break over different joists.
Plywood which is 1/2 in. to 3/4 in. thick should
be nailed to the joist at each bearing with
Spenny coanmon or 7-penny threaded nails.
Space nails 6 in. apart along all edges and 10 in,
along intermediate members.

For the best perfor..ance. plywood should
not be laid up with tight joints whether used on

J60
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Figure 9-2* —Typical wal! framing details.

the interior or exterior. Allow 1/16-in. spacing
at panel ends and 1/8 in. at panel edges. This
will allow for expansion if moisture should enter
joints, '

WALL FRAMING

wall framing (fig. %21) is composed of
regular studs, copples, trimmers, headers, and
fire blocks and is supported by the floor
soleplate. The vertical meabers of the wall
framing are the studs, which support the top
plates and all of the weight of the upper part of
the building or everything above the top plate
line They provide the framework to which the
wall sheathing is nailed on the outside and which
supports the lath, plaster, and insulation on the
inside.

Walls and partitions classed as framed
corstructions are composed of usually closely
spaced. slender, vertical members called studs.
(See fig. 9-22.) These are arranged in 2 row with
their ends bearing on a leng horizontal membe:
called a bottom plate or soleplate, and their tops
capped with another vlate. called a top plate.
Double top plates are used in bearing walls and
partitions. The bearing strength of stud walls is
determined by the strength of the studs.

The wall framing memoders used in
conventional construction are generally nominal
2- by 4-in. studs spaccd 161n. O.C. Depending
on the thickness of the covering material, 24-in.
spacing might be considered. Top plates and
solepiates are also n.minal 2- by 4-in, in size.
Headers over doors ¢; windows in load-bearing

918
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Figure 9-22,—Typical wall construction.

walls consist of doubled 2-by 4-in. and deeper
members, depending on the span ¢f the opening.

The requirements for wali-framing fumber
are good stiffness, good nail-holding ability,
freedom from warp, and ease of working.
Species used may include Douglas fir, the
hemlocks, southern pine, the sruces, pines, and
white fir. "1t is cominon practice to use the third
grade for studs and plates and the second grade
for headers over doors and windows.

All framing lumber for walls should be
reasonably dry. Material at about 15-percent
moisture content is desirable. When the higher
moisture content is used (as studs, plates, and
headers), it is advisable to ajlow the moistuie
centent 10 reach inservice conditions before
apply ing interior trim.

Ceiling height for the first floor is 8 ft under
most conditions. It is common practice to
rough-frame the wall {subfloor to top of upper
plate} to a height of 8 ft 1 1/2in. in platform
construction, precut studs are often supplied to
a length of 7 ft 8 5/8 in. for plate thickness of
1 5/8in. When dimension material is 1 1/2in.
thick, precut studs are 7ft ¢ in. long which

allow the use Of 8-ft high drywall sheets and still
provides clearance for floor and ceiling finish or
for plaster grounds at the floor line. Second-
floor ceiling heights should not be less than 7 ft
6in. in the clear, except for that portion under
sloping ceilings. One-half of the floor area,
however, should have at least a 7-ft 6-in.
clearance. As with floor construction, two
general types of wall framing are commonly
used; platform construction and balloon-frame
construction. The platform method is more
often used because of its simplicity.

TOP PLATE AND SOLEPLATE

The top plate serves two purpeses—to tie the
studding together at the top and form a fiaish
for the walls (fig. 9-21), and to furnish a support
for the lower ends of the rafters. The top plate
serves as ¢ connecting fink between the wall and
the roof, just as the sils and girders are
connecting links between the floors and the
walls. The plate is made up of one or two pieces
of lumber of the same size a8 the studs. Ir; those
cases where the studs at the end of the building
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Figure 9-23.—Piate construction.

extend o the rafters, no plate is used at the end
of the building. When it is used on top of
partition walls, it is sometimes called the cap.
Where the plate is doubled, the first plate or
bottom section is nailed with 16-penny nails to
the top of the comer posts and to the studs, the
connection at the comner is made as shown In
view A, fig. 9-23. After the single plate is nailed

OFFSET

*da¥
= ACCORDIAG
70 THICKAESS
OF SHEATHING

securely and the corner braces are nailed into
place, the top part of the plate is then nailed to
the bottom section by means of 16-penny nails.
The edges of the top section should be flush
with the bottom section and the comer jointls
lapped, as shown in views A and B, fig. 9-23.

Stud locations are marked on soleplates in
the same manner as joist locations. The soleplate
s marked first, as shown in figure 9-24. These
marks are then transferred to the corresponding
top plate or rafter plate, by “matching” the top
plate or rafter plate against the marked soleplate
and squaring the marks across.

LAYING OUT STUDS
FOR CUTTING

Before you can lay out any studs for cutting,
you must caiculate how long the studs must be.
The best way to do this is to lay out to full scale
on a piece of stud stock cerfain data obtained
from the wall sections and elevations, and then
use the piece of stock as a pattern for cutting
studs.

A pattern layout for platform-frame studs is
shown in figure 9-25. Since the bottom of a
platform-{ftame stud rests on the soleplate,
which in tum rests on the subflooring, you
should first lay oif the vertical distance between

Locations OF sTubs
I CORK

13311

Figure 9-24.—Stud iccation layout.
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Figure 9-28.Pattern {ayout for platform-frame studs.

the finish floors, MINUS the thickness of the
soleplate, PLUS the thickness Of the finish floor.
This is distance 1 in figure 9-25; laying it off will
give you the level of the upper {inish fioor. Lay
off back from this level the combined thickness
of the upper fioor flooring, the depth of an
upper floor joist, and the thickness of the top
plate. You now have the length of a stud, as
shown in the figure.

After the posts, plates, and braces are in
place, the studs are placed and nailed with two
16-penny nails through the top plate. Before the
studs are set in place, the window and door
openings are laid out. Then the remaining or
intermediate studs are faid out on the soleplates
by measuring from one comer the distances the
studs are to be set apart. Studs are normally
spaced 12, 16, and 24 in. 0.C,, depending upon
the type of building and the type of outside and
inside finish. Where vertical siding is used, studs
may be set wider apart since the horizontal
blocking between them affords nailing surface.

PARTITION

Partition walls are walls that divide the
insife space of a building. These walls in most
cases are framed as part of the building. In cases
where floors are to be installed after the outside
of the building is completed, the partition walls
are left unframed. There are two types of

partition walls: bearing and nonbearing. The
bearing type supports ceiling joists, The
nonbearing type supporis only itself. This type
may be put in after the other framework is
installed. Only one cap or plate is used. A
soleplate should be used in every case, as it helps
to distribute the load over a larger area Partition
walls are framed in the same manner as cutside
walls. and door openings are framed as outside
openings. Where there are comers or where “ne
partition wall joins another, comer posis or
T-posts are used as in the outside walls; these
posts provide nailing surfaces for the inside wall
finish. Partition walls in a one-story building
may or may not extend to the roof. The top of
the studs has a plate when the wall does not
extend to the roof; but when the wall extends to
the roof, the studs are joined to the rafters,

BRACES

Bracing stiffens framed construction and
helps to resist the effects of winds or storins and
twisting or straining that stems from any cause.
Good bracing keeps comers square and plumb
and prevents warping, sagging, and shifts
resulting from lateral forces that would
otherwise teid to distort the frame and cause
badly fitting doors and windows and the
cracking of plaster. There are three comtnonly
used methods of bracing frame structures.
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LET-IN BRACING, as shown in view A, fig.
926, is set into the edges of studs so as to be
flush with the surface. The studs are always cut
to let in the braces; the braces are never cut.
Usually 1 byd4’s or 1 by 6s are used, set
diagonally from top plates to soleplates.

CUT-IN BRACING, as shown in view B, fig.
926, is toenailed between studs. [t usually
consists of 2 by 4’s cut at an angle to permit
toenailing, inserted in diagonal progression
between studs running up and down from comer
posts to sill or plates.

DIAGONAL SHEATHING, as shown in view
C, fig. 9-26, is a type of bracing that is strongest
when applied diagonally. Each board act, as a
brace of the wall. If plywood sheathing or
lumber is used, other methods of bracing may be
omitted.

GABLE-END STUDS

Gable-end studs are installed at the end wal)
of a wooden structure having a gable roof. In
order to lay out gable-end studs, you should be
able to calculate the common difference of a
gabivend stud.

Ie figure 9-27, the line AC indicates the level
of the side-wall rafter plate, and line AB
indicates the roof Ulne of the building.
Somewhere on the elevations you will find a
small triangle like the one shown in the upper
left of the figure. This is called the ROOF
TRIANGLE, and it gives the proportion of run
to rise in the roof. In this case this is also the
proportion of run to rise between line AC and
line AB, and the preportion is 8in. of rise to
every 12in. of run,

The lines DE and FG represent the portions
of two gable-end studs that extend above the
level of the top of the side-wall rafter plate. You
can calculate the length of DE as follows. Since
the studs are spaced 16 in. O.C., the run of the
right triangle AED is 16in. The rise of this
triangle is the length of the line DE. From the
roof triangie, you know that the rise of a similar
tnangle with a run of 12 in. is 8 in. If the rise of
a nght triangle with a run of 12 in. is 8 in., the
rise of a gimilar nght triangle with a run of 16in.
must be the value of x in the proportional

923
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Figure 9-27.—Cslculating common difference of gable-
end studs.

equation {2:8::16:x, or 10 2/3 in. The length of
DE, therefore, is 10 2/3 in. Rounded off to the
pearest 1/16in., this is 1011/16in. The
common difference may also be found as
follows. Multiply the cut of the roof, expressed
as a fraction, by the spacing of the studs.
Assume & roof cut of 8in, and 12in. and
a stud spacing of 16in. The common
difference in the length of the gable stud is
16 in.x 8/12in.= 10 2/3in. Expressed as
formula, stud spacing x cut of the roof
common difference.

"

If the rise of a right triangle for 16 in. of run
is 10 11/16 in., the risc for twice 2s much run,
or 32in., must be twice as much, or
2x t011/16in.; the rise for three .imes as
much run must be 3 x 10 11/16; and so on. This
means that, moving inboard from the rafter
plates, each gable-end stud is 10 11/16 in. longer
than the preceding gable-end stud.

Knowing this, you can lay off the lengths of
the gable-end studs by laying off 10 11/16 in.
{which is called the common difference of
gable-end studs) progressively for each stud,
from the shortest to the longest, in either side of
the end wall. The top end cut of the gable stud
is laid out by using the cut of the roof and
marking on the rise side.
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FRAMING ALLOWANCE

The studs around wall openings require
special treatment. First iocate the centerline of
the opening by examining the floor plan. Say
that the opening is a door and that the plan
shows that the centerline of thiy door lies 7 ft
5in. from one of the building comers. Measure
this off and square a line across the sill or plate
at this point. Next Iook on the door schedule
and find the width of this door. Say that it is
Door A, and you find that Door A is 3 ft wide.
Lay off one-half of this. or 1 ft 6 in., on either
side of the centerline and square lines across.

These lines mark the boundaries of the
FINISHED door opening. The trimmer studs on
either side of the opening must be located at the
boundaries of the ROUGH opening. To get the
width of the rough opening, you add a
FRAMING ALLOWANCE to the width of the
finished opening. First, the width of the rough
opening must £Xxceed the width of the finished
opening by the combined thicknesses of the
SIDE JAMBS on the door, less the combined
width of the rabbets if the door fits into rabbets
cut in the side jambs.

Besides tlie allowance for the thickness of
the jambs, you must make an additional
FRAMING ALLOWANCE. As you will see later,
the siue jambs are wedged in piace with wooden
wedges, driven between the jambs and the
trimmers. The usual wedging allowance should
be 1/4 to 1/2in. on both sides.

To make all this clear, look at figure 9-28
which shows the side jambs and the head jamb
of a door frame wedged in place in the rough
opening. The width of the finished opening,
which is the same as the width of the door, is
the honzontal distance between the side jambs.
The width of the rough opening is the same
horizontal distance, plus the combined width of
the jambs, plus the combined width of the
wedging allowance.

The width of the finished opening, which is
the same as the width of the door, is the
honzontal distance between the side jambs. The
width of the rough opening is the same
horizontal distance, plus the combined width of
the jambs, plus the combined width of the
wedging allowance.

To locste the trimmers, lay off on either side
of the centerline, one-half the width of the door,
plus tae thickuess ©f a side jamb, which should
be measured on the “actual stock, plus the
wedging allowance (usually 1/2in.). Mark the
trimmer locations with the word TRIM, and
postpone the cutting of the trimniers until after
the header has been cut and set in place.

The header will be nailed between the first
two fulllength studs lving outside the
boundaries of the f{inished opening. To locate
the header at the right height, you must add to
the height of the door a framing allowance as
follows. You must make allowance for the
thickness of the head janb and also for the
depth of the SIDE JAMB LUGS. The side jamb
lugs are the portions of the side jambs which
extend above the head jamb dadoes. Since you
will be measuring from the top of the
subflooring and since the hottom of the door
will have to clear the {inish flooring, you must
allow for the thickness of the finish flooring. If
there is to be a threshold under the door, you
must allow for the thickness of the thieshold. If
there will be no threshold, you must add a
CLEARANCE ALLOWANCE which will permit
the door to swing clear of any cugs or carpets.
The usual clearance allowance is 5/8 in., which is
also the usual thickness of a threshold. If the
carpeting is to be extra thick, the clearance
allor. ance mnay have to be more than 5/8 in.

the framing allowance for 2 window
opening is calculated as follows: locate and mark
the window centerline and lay off on either side
of the centerdine one-half the width of the
window, as obtained from the window schedule.
Allow 1/4- to 12 in. wedging allowance on both
sides. This will locate the limits of the finished
window opening. The top header and subsifl
header will be set between the first two
full-fength studs lying outside these limits.

Further, the window-opening layout should
be postponed until the subsill header has been
set in place. The height of the subsill header is
determined by examining the approprate
elevation, the height of the top of the window
sill above the finish flooring. Since you will be
measuring from the subflooring, add the
thickness of the finish flooring. From this,
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Figure 3-28.~Door framing allowance.

subtract the thickness of the window sili, plus
the sill BEVEL ALLOWANCE, or the amnount
that the sill will be raised by tilting. This is
usually about 3/4in. To sum up, the height of
the top of the subsiil header above the finish
flooring will be the vertical distance between the
top of the window sill and the top of the finish

floor, MINUS the thickness of the window sll,
the sill bevel allowance (usually 3/4 1n,}, and the
thickness of the finish flooring.

The next step is to locate the top header at
the proper height. On the elevation you will find
the vertical distance between the finished first
fioor line and the bottom oi the window head




BUILDER 3 & 2

jamb. Since you will measure this distance from
the top of the subfloor. add to it the thickness
of the finish floor. Next, add the thikness of
the head jamb plus the depth of the window side
jamb lugs, which are similar to those on « Joor.
Tie total will be thec vertical distance between
the top of the subfloor and the bottom of the
top header.

"

/

/  HEIGHT

SUPPORTING
STUD~_

As the span of the opening increa: s, it is
ne.essary to mcrease the depth of the headers to
support the ceiling and roofloads. A head.r is
made up of two 2-in. members, usually spacec
with 1/ 2-in. lath or wood strips, alt of which are
nailed toge.her. (Ses fig. $29) They are
supported at the ends by the innefstuds of the
double-stud ,oint at exterior walis and interior
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NAIL STUD TO HEADER

LL—-ROUGH OPENING

) SOLE PLATE

AN

Figure 9-29.—Headers for windows and door openings.
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bearing walls. The following sizes might be used
as a guide for headers:

MAXIMUM SPAN ({t) HEADER SIZE tina
312 by s
5 2by 8
612 2bv 10
8 Jby 12
For other than normal light-frame

construction, an independent design may be
necessary. Wider openings often require trussed
headers, which may also need special design.

To locate the trimmers proceed as follows:
transfer the window centerline to tne subsil}
header and tay off on either side of it one-half
the width of the window schedule. Add on
either side a framing allowance consisting of the
thickness of the side jamb plus a wedpng
allowance of 1/4 to 1/2in. on ezch side.

Location of the otuds, headers, and salls
around window openings should conforin to the
rough opening sizes recommended by the
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manufacturers of the millwork. The framing
height of the bottom ©of the window and door
headers should be based on the door heights,
normally 6 fi 8in. for the main floor. Thus to
allow for the thickness and clearance of the head
Jambs of window and door frames and the finish
floor. the bottoms of the headers are usually
located 6-tt 10-in. to 6-ft 1l-in. above the
subfloor. depending on the type of finish floor
used.

BALLOON CONSTRUCTION

As described earlier in this chapter. the main
ditterence between platform and  balloon
framing is that studs extenc from the sill of the
first floor to the top plate or end rafter of the
second floor, whereas the platform-framed wall
15 complete for each fioor.

{n balloon-frame construction, both the wall
studs and the floor joists rest on the anchored
sill. (See fig. %30.) The studs and joists are
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Figure 9-30. —Wall framing used in batloon construction.
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toenailed to the sill with 8-penny nails and
nailed to each other with 16-penny nails.

The ends of the second-floor joists bear on a
1-by 4in. ribbon that has been let into the
studs. In addition, the joists aie naile) to the
studs at these connections. (See fig..9-30.) The
end joists parallel to the exterior on both the
second floors are also nailed to each stud.

Other nailing details should conform in
general to those described for platform
construction. /~ -

In most areas, building codes require that
firestops be used in balloon framing to pfevent
the spread of fire through the open wall
passages. These firestops are ordinarily of
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rigure 9-31.~Wall freming used with platform construction,
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2-by 4in. blouking placed between the studs or
as required by local regulations. (See fig. 9-30.)

Because there is less potential shrinkage in
exterior walls with balloon framing than in the
platform type, balloon framing is occasionally
preferred over the platform type.

L] ]

PLATFORM CONSTRUCTION

The wall framing in platform construction is
erevted above the subfloor which extends to all
edges of the building, as shown in figure 9-31. A
combination of platform construction for the
first floor sidewalls and fuil-length studs for end

9-28
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walls extcndiné to end rafters of the gable ends
-is commcaly used in single-story houses.

One -common method of framing is the
horizontal assembly (on the subfloor) or
“tilt-up” of wall sections. When a sufficient
work crew is available, fuil-length wall sections
are erected. Otherwise, shorter length sections
easily handled by a smaller crew can be used.
This system involves laying out precut studs,
window and door headers, cripple studs
{short-length studs), and windowsills. Top and
soleplates are then nailed to all vertical members
and adjoining studs to headers and siils with
16~penny nails. Let- 1 cormer bracing should be
provided when required. The entire section is
then eregted, Plumbed, and braced.

A variation of this system includes fastening
the studs only at the top plate and, when the
wall is erected, toenailing studs to the soleplates
which have been previously hailed to the floor.
Cormner studs and headers are usually naited
together beforehand to fortm a single unit.

- Complete finished walls with windows and door

units in place and most of the siding installed
can also be fabricated in this manner.

When all exterior walls have been erected,
plumbed, and braced, the rerpaining nailing s
completed, Soleplates are nailed to the floor
joists and headers or stringers {through the
subfloor), comer braces (when used) are nailed
to studs and plates, door an¢ window headers
are fz-‘éned to adjoining studs, and corner studs

. are nailed together.

Several arrangements of studs at outsidé
corners- can be used in framing the walls of a
structure, Figure ©-31 shows one method
‘commonly used. Blocking between two corner
studs which provides a nailing edge for interior
finish is shown in‘view A, fig. 9-32, View B and
C of figure 9-32 shown other methods of stud
arrangément to provide the needed interior
nailing surfaces as well as good comer support.

Intgrior walls should be well fastened to all
exterior walls they intersect, The intersection
should alse provide nailing surfaces for the
plaster base or dry-wall finish. This may be

accomplished by doubling the outside studs at.

the interior wal¥line as shown in view A, fig.
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9-33. Another method used when the intenur
wall joins the ex.crior wall between studs is
shown in view B, fia 9-33,

Short sections of 2- by 4-in. blocking are
ued between stulds to support and prosvide
backing for a I-by 6-in. nailer. A 2- by 6-in.
vertical member might also be used.

NAIL TO OuTSI0E

STVDS =

7

INTEROR
WAL

EDGE STYD

INTERYOR wALL

¥

The same general arrangem.ent of in2mbers i¢
used at the intersection ot ctossing of interior
walls. Nailing surface must b2 provided 1n some
forra or another at ail interior comers.

After all walls are erected, a second top plate
is added that laps the first at comers anu wali
intersections. (See {ig. 9-31.) This gives an

A

r_‘__.-'xﬁ G e HALEP

-2 1 4 BLOSIING

| ~FXTER:OR

WaLL

133.469

Figure 833, -Intersection of interior wall with axtencr wall. A, With doubled stude on outnide wail B Partition
4 ' batwean outsida studs,

9-30
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additional tie to the framed walls. These top
plates can alsc be partly fastened in place when
- the wall is in a horizontal position. Tor plates
are natled together wath 16-penny nails spaced
i6 in. apart and with two nail- at cach wall
interscetion. Walls are normally plunbed and
alined before the top plate is added. By using
1- by & or 1-by 8in. temporary braces on the
studs between intersecting parfitions, a straight
wall is assured. These braces dre nailed to the
. studs at the top of the wall and to a 2- by 4-in.
block fastened to the subfloor or joists. The
temporary bracing may be left in piace until the
ceiting and the roof framing are completed and
sheathing is applied (0 the outside walls.

END-WALL FRAMING

The framing for the end walls in ,latform
and balloon construction vanes somewhat,
Figure 9-34 shows a commonly used method of
wall and ceiling framing for platform
construction in 1 1/2- or 2-story structures with
finished rooms above the first floor. The floor
joist is toenalled io the t.p wail plate with nails
spaced 16 in, on center. The subfloor, soleplate,
and wall framing are then installed in the first
and second floors. (See fig. $-35.)

As for the first floor, 2- by 4-in. firestops are
wut between each stud. The subfloor is applied
in a normal manner. Details of the sidewall

EDGE JOuST SUBFLGOR
INSULATION e ko S - - ©os -
* v J ———rn— RUPNE——
Tl g
yl. (3R]
I’r:}_g': o B o
TOP “
PLATES \ . o

x/r“"ﬁ] —-

T~2ND -FLOOF
JOISTS

181 -FLOOR

Ve, w) STO

. » 123,470
Figure 8-34. —End-wel! frantng for pletform construction function of first flaor csiling with upPer story floor framing).,
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2x4
FIRESTOP

£0GE

JOIST~ -
T

Py

_—EXD WALL 5TUD

FLOOR JOIST

133471

Figure 9-35, ~End-wall freming for balloon constrection Hunstion of Siest floor el ng ard upPe; stury floot framing!.

supporting the ends of the joists are shown m
figure 9-35.

INTERIOR WALLS

The internor walls 1n a structure with
conventional joist and rafter roof construciion
are normally located to serve as bearing walls for
the cething joists as well as room dividers. Wails
located parallel to the direction of the joists are
commonly nonload bearing.

Spacing of the studs is usually controlled by
the thickness of the covering material. For
example, 24-in. stud spa.ing may require 1/2-in.
gybsum board for dry-wall interior covering.

The interior walls are assemhled and erected
m the same manner as exterior walls, with a
single bottom (sole) piate and double top plates.
The upper top plate is used fo uie intersecting

3

and crossing walls W each other. A single
framing stud can be used a3t pach side of a door
openig in noniosdd-bearing partiions, but they
raust be doubdled for load-bearing walls. Thus,
iocation of the walls, and size ¢iid spacing cf the
studs are determined by the rcom size desired
and type of interor covering selecteu. The
bottom chords of the trusses are used tu fasten
and anchor zrossing partitions. When partition
watls are parallel to and lpcated between trusses,
they are fastened 1o 2- by 4-in. blocks which are
nailed between the lower chords.

EATH NAILERS
Dun:ng the framing of walls ;.nd ceilin.gs, it is

necessary to provide for both vertical and
horizontal fastening of plaster-base lath or dry

.wall at all inside corners. See figures 932 and

33, which illustrate comer and intersecting
wall construction and also show iath nailers.

9-32
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CERING
\ JOIST
' $PACE FOR
LAIH NAILING STuD

>

16 LATH \(
NAILER CEIL NG
Jprsy
- 5Tl
R T
TTLNG SIS
. 15E NA.,
,"_‘.i!
16 LATH
NAI
} :
ERLE 133.472

Figure 5.36.~Horizontal lgth catchers gt ceifing: A,
Uring ceiling joists over sted wall B. Lath nailer
botwesn ceiling joists C. Stud wall gt right anle to
joint. -

Honzontal lath railers at the junction of
wall and ceiling framing may be provided in
several ways. View A, figure 9-36, shows double
ceiling joists above the wall, spaced so that
nailing surface is provided by each joist. In view
B, figure 9-36. the parallel wall is located
between two ceiling joists. A 1-by &in. lath
nailer is placed and nailed to the top plates with
backing blocks spaced cn 3- to 4-ft centers. A
2-by 6-in. member might also be used he.e in
place of the 1 by 6.

When -the partition wall is at a right angle to
the ceiling joists, one method of providing lath
nailers is to let in 2- by 6-in. blocks between the
joists. (See fig. 9-36.) They are nailed directly to
the top plate and toenailed to the ceiling joists.

CEILING JOISTS

After exterior and interior walls are
plumbed. braced and top plates added, ceiling
joists can be positioned aad nailed in place.
They zre normally placed across the width of
the structure, as are the rafters. The partitions of
the structure are usually located so that ceiling
joists of even lengths (10, 12, 14, 16 ft. and so
on) can be used without waste to span from
exterior walls to loadbearing interior walls. The
sizes of the joists depend on the span, wood
species, spacing between Joists, and the load on
the second floor or attic.

Wien preassembled trussed rafters {roof
trusses} are used, the lower chord acts as the
ceiling joist. The truss also eliminates the need
for load-bearing partition..

Second gr:des of the varicus species are
commonly used for ceiling joists and rafters. If is
also desirable. particutarly in  twostory
structures and when 1naterial is available, to
limit the moisture content of the second-floor
joists to no more than {5 percent. This applies
is well to other lumber used throughout the
building,

Ceiling joists are used to support ceiling
finishes. They often act as floor joists for second
and attic floors and as ties between exterior
walls and interior partitions. Since ceiling joists
also serve as tension members to resist the thrust
of the rafters of pitched roofs. they must b
securely nailed to the plate st outer and inner
walls. They are also naiied together, direcily or

i3
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with wood or metal cleate, where they cross or
join at the load-bearing partition or to the rafter
at the exterior walls. (See view A and B, fig.
9-37.) .

In areas of severe windstorms, the use of
metal strapping or other systems of anchoring
ceiling and roof framing te the wall is a good
practice, When vciling joists are perpendicular to
rafters, rollar beams and cross {tes should be
used te resist thrust.

NAIL JOISTS TO
EACH OTHER

.
TOENAIL TO ALATE

FLUSH CEILING FRAMING

in many structural designs, a wids,
continuous ceiling area hetween the two rooms
is often desirable. This can be created with a
flash beam, whic% replaces the lcad-bearing
partitions used in the remainder of che structure.
A naillaminated beam, designed to camry the
ceiling load, supports the ends of the joists.
Joists are toenailed into ‘ne beam and supported

SPLICE CLEAT

B
e

1040 -BEARING
PART I TION

~RAFTER

e JOIS T

A/Lanr TER AND

JOIST TOGETHER

133453

Figurs 8-37.-Calling joint connsstions. A. At conter partition with joists tapped or butted B. At outside wakl,
4 .
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by metal joist hangers, as shown ‘n view A,
tigure 9-38 or by wood hangers. (See view B, fig.
9-38.) To resist the thrust of the rafters for
. longer spans, it is often desirable o provide
“ added resistance by using metal strapping.
Strapping ghould be nailed ‘0 each opposite joist

with three or four 8-penny nails.

POST AND BEAM FRAMING

In scune structures, exposed beams are often
. apart of the interior design and may also repl: e

METAL STRAPPING

METAL JOIST

HAKRGER

A

HETAL STRAPPING

TOENAIL
{EACH SIDE -7

interior and exterior load-bearing walls. With
post and beam construction, exterior walils can
become fully glazed panels between vo:ts,
requiring ;,0 other support. Areas below interior
beams within the house can remain open or can
be closed in with wardrobes, cabinets, or light
curtain walls.

This type of construction, while not
adaptable to many styles of architecture, is
simple and straightforward. Howevtr, design of
the structure should take into account the need
f>r shear or racking resistance of the exienor
walls. This is wsually accomplished by solid

ale—CEILING JOIST

MFLUSH
BEAM

PLAN

133.474
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masonry walls or fully sheathed “frame walls 9-39,) wall header member between beams
between open glazed areas. can Pe fastened with joist hangers.

Roofs of such structures are often either fla
or fow-pitched and may have a conventional
rafter-joist combination or consist of thick wood
decking spanning between beams. The need for a

Continuous headers are often used with
spaced posts in the construction of framed walls
or porches requiring large glazed openings. The
weli-insulated roof often dictates the type of beams should be well fastened and remfoﬂrct‘e;-i at
construction that might be used. the corners w;t-h lag screws or metal s-trap.\. lew

A, figure 940 illustrates one connection method

5 The connectio of the supporting posts at using metal strapping.

the floor plate and beam is important to provide
uplift resistance. Figure 9-39 shows connections In a low-pitch or flat roof construction for a
at the soleplate and at the beam for solid or post and beam system, wood or fiberboard
spaced members. The solid post and beam are decking is often used. Wood decking, depending
fastened together with metal angle. ..ailed to the on thickness, is frequently used for beam
top plate and to the soleplate as well a3 the toof spacings up to 10 or more ft. However, 10r the
beam (see view A, fig. 9-39). The spaced beam  longer spans, special application instructions are
and post are fastened together with a ;/8-in. or required. Depending on the type, 2- t0 3-in.
thicker plywood cleat extending between and thick fiberboard decking normally is limited to 2
nailed to the spaced members. (See view B, fig. beam or purlin spacing of 4 ft.

TOP PLATE

METAL ANGLE ROOF BEAM

{ONE 1IN EACH
" CORNER }

ROCOF BAEAM

JOIST HANGER

HEADER
MEMBER

T POST

133475
Figure 8-39.~Post and beam connections: A. Solid post and beam B, Spaced post ond beam.
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METAL LNGLE
{POST TO BEaMm)

BEAM FACE
~ NAILING

WwALL
HEADER

T

~

ANGLE IRON"
(FASTEMS POST,
BEamM AND HEADER)

Tongued-and-grooved solid wood decking,
3 by 6 and 4 by 6 in. in size. should be toenaiied
and facenailed directly to the beams and
edge-nailed to each other with long nails used in
predrilled holes, as shown in view B, figure 9-40.
Thinner decking is usually only face-nailed to
the beams. Deck:ng s usually square end-
timmed to provide a good fit. If additional
insulation s required for the roof, fiberboard or
an expanded foamed plastic in sheet form is
fastened to the decking before the builtup or
similar type of roof 1s installed. The moisture
content of the decking should be near 1ts
mnservice condition to prevent joists opening
later as the wood dries.

Figure 9-40.—Post and beam details. A. Corner connection with continuvoUs header B. With roof decking,

WwWOOD DECKING

S

o EOQOGE NAILING

/
*y - 4" THICK ONLY )
s

{
Yy
&
-

133.476

TYPES OfF SHEATHING

WALI SHEATHING is the outside covering
used over the wall framework of studs, plates,
and winJow and door headers, It forms a flat
base upon which the exferior finish car be
applied. Certain types of sheathing and methods
of application can provide great rigidity to the
house, eliminating the need for commer bracing
Sheathing serves to mnimize ait infiltration and,
in certain forms, provides some insulation.

Some sheet materials serve both as sheathing
and siding. It is a wversatile naterial and
manufacturers produce it in many forms.
Perhaps the most commor types used in

\‘j ’j f;
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construction - are boards, plywood, structural squareedge pattern. Resawn 11/16-in. boards

insulating board, and gypsum sheathing. are also allowed under certain cor. iitions. The
requirements for wood sheathing are easy
WOOD SHEATHING working, easy nailing, and moderate shrinkage,

Widths commonly used are 6, 8, and 1Qin,
Wood sheathing is usually of nominal -in, Sheathing may be applied horizontally or
boards in a shiplap, a tongue-and-grooved, or a diagonally, as shown in view A, figure %41. It is

LET-IN

JOINT
CORNER BRACE —Ji | {OVER STUD)

END MATCHED MAY
FALL BETWEEN
STUCS

JOINT
[OVER STUD)

FOUNDATION

HORIZONTAL APPLICATION DIAGONAL APPLICATION

A
b4 STUD SHEATHING 1. ied
z o ' i
SHEATHING SOLE PLATE
, |_-soLE pLaTE T
= [:,..,.suaruaon e SUBFLOOR
K- ' .L.:Olsr
f ",
ZTo———— SiLL PLATE

. };-' . L.—-FOUNOATION WALL

‘{.

C
133.477
Figure 9-41.—Application of wood sheathing: A. Horizontal and disgonsl B. Started st subfloor C. Started at
foundation wail.
9-38
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sometimes camed only o the subflocr as seen in
view B, figure 941, but when a diagonal
sheathing or sheet materials are placed, as shown
in view C, figure 941, greater strength and
rigidity result.

Some manufacturers produce random-length
side- and end-matched boards for sheathing.
Most softwood species, such as spruces,
Douglas-fir, southem pine, hemlock, and the
soft pines, are suitable for sheathing. Grades
vary between species, but structural grade
sheathing is commonly used.

PLYWOOD SHEATHING
Plywood 1s used extensively fur sheathing of

walls, apphed vertically, normally in 4- by § ft
and longer sheets. {See fig. 9-42,) This method

TOP PLATES

SPACE NAILS =

12°0C ] S

’ 3

SPACE NaiILS
6" 0¢C

of sheathing eliminates the need for diagonal
comer bracing; but, as with any sheathing
materizl, it should be well nailed.

Standard sheathing grade is commonly used
for sheathing. For severe exposures, this same
plywood is fumished with an exterior glueline.
While the minimum plywood thickness for
16+in. stud spacing is 5/16in., it is often
desirable to use 3/8in. and thicker, especially
when the exterior {inish must be nailed to the
sheathing. The selection of plywoad thickness is
also influenced somewhat by standard jamb
widths in window and exterior door frames. This
may occasionally require sheathing ¢f 1/2-inch
or greater tircknesses. Some modification of
jambs is required and readily accomplished when
other plywood thicknesses are used.

STuD

\"*--.. So.ﬁCE NAILS
6 0¢

"] g SPACE NAILS
] ¥'ocC

g

STRUCTURAL INSULATING BOARD

133478

Figure 89-42.~Vertical spplication of plywood or structural insuletiag board sheathing.
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STRUCTURAL INSULATING
BOARD SHEATHING

The three common types of insulating board
{structural fiberboards) used for sheathing
include regular density, intermediate density,
and nail-hase. Insulating board sheathings are
coated or impregnated with asphalt or given
other treatment to provide a water-resistant
product. Occasional wetting and drying’ that
occur during construction will not damage the
sheathing materially.

Regular-density sheathing is manufactured iqx
1/2- and 25/32-in. thicknesses and in 2- by 8-,
4-by 8, and 4 by 9-ft sizes. Intermediate-
density and nail-base sheathing are denser
products than regular-density. They are
regularly manufactured only in }/2:n. thickness
znd in 4 by & and 4-by Hft sizes. While
2- by 8-ft sheets with matched edge are used
horizontally, 4- by &ft and longer sheets are
usually installed with the iong dimension
vertical.

Corner bracing 1s required on horizontally
apphed sheets and usually on applications of
1/2-in regular-density sheathing applied
verfically. Addivional comer bracing is usually
not required for regular-density insulating board
sheathing 25/32m. thick or for interine
iz c-density and nail-base sheathing when
properly  applied with long edges vertical.
(See fig. 9-42.) Naturally fastenings must be
adequate around the penmeter and at
mtermediate studs, and adequately tastened
{nails, staples, or other fastening system).
Nail-base sheathing also permits shingles to be
applied directly to 1t as siding if fastened with
special annular-grooved nails. Galvanized or
other corrosion-resisiant fasteners are recom:
mended for installaton of insulat.ng-board
sheathing.

GYPSUM SHEATHING

Cypsum sheathing is 172 in. thick, 2- by 8 {t
1n size, and s applied honzontally for stud
sp~=ing of 24 in. or less. (See fig. 9-43.) It 1s

9-40
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composed of treated gypsum filler faced on two
sides with water-resistant paper. often hsving
one edge grooved, and the other with a matched
V edge. This makes application easier, adds a
small amount of tie befween sheets, and
provides some resistance to air and moisture
penetration.

INSTALLATION OF SHEATHING

Types. of sheathing that provide adequate
bracing are: {a) wood sheathing, when applied
diagonally. (b} plywood. when applied vertically
in sheets 4 ft wide by 8 or more ft kigh and
where attached with nails or staples spaced not
more than 6 in, apart on all edges and not more
than 12in. at intermediate supports: and (¢)
structural insulating board sheathing 4 ft wide
and 8 ft or longer (25/3 2in.-thick regular grade
and 1/2-in.-thick intermediate-density or
nail-base grade) applied with long edges vertical
with nail: or staples spaced 3 in along all «dges
and 6 in. at intermediate studs.

Another method of providing the required
ngidity and strength for w_ll framing consists of
a 1/2<in. plywood pane: at each side of each
outside comer and 1/2-in  regular-density
fiberboard at intermediate are;s The plywood
must be in 4-ft-wide sheets and applied vertically
with ful pe .meter and intermediate siud
nailing.

Where comer bracing is required. use
1- by 4-in. or wider members let into the outside
face Of the studs, an. sef at an angle of 45° from
the bottom of the soleplate to the top of the
wallplate or comer stud. Where window
openings near the cor'er interfere with 45°
braces, the angle sho' id be increased but the
full-length brace s' Huld cover af least three stud
spaces.

wOoOoD

The minimum thickness of wood sheathing
is generally 3/4 in, However, for particular uses.
depending on eyxterior covenngs, resawn boards
of 11/16 in. thicknass may be used as sheathing
¥ ‘ths commonly us:d arc 6, 8 10, and 12 in.
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The 6 and 8 in. widths will have less shrinkage
than 10 and {2in. widths, so that smaller
openings will occur between boards.

The boards should be nailed at each stud
crossing with two nails for the 6- and &in.
widths and three nails for the 10- and 12-in.
widths. When diagonal sheathing is used, one
more nail can be used at each stud; for example,
three nails for 8in. sheathing. Joints shouid be
placed over the center of studs, as shown
in view A, figure %41, unless end-matched
(tongued-and-grooved) boards are used.
End-matched tongued-and-grooved boards are
applied continuously, either horzontally or
diagonally, allowing end joints to fail where they
may, even if between studs. However, when

CORMNER
BRACE

end*matched boards are uséd, no two adjoining
boards should have end joints over the same stud
space and each board should bear on at least two
studs,

Two arrangements of floor framing and
soleplate location may be used which affect wall
sheathing apphcation The first method has the
soleplate set in from the outside wall line $0 that
the sheathmg is flush with the floor framing.
(See view B, fig. 9-41.) This does not provide a
positive tic between wall and floor framing and
in high wind areas should be suppiemented with
metal strapping placed over the sheathing The
second method has the sill plate located so that
the distance from the outside edge of the
foundation wall to the plate is equal to the

STUD

A SeacE Maws 7
FOR WOUD SIDING

SPACE NAILS 34 O,
> FOR SHINGLE 5:iDinG

NAII-ING STRIP

l‘ S %

FOUNRDATION

GYPSUM_S80ARD

133.479

, Figure 9.43.~Horizantat application of 2. by 8-ft structurel insulsting board or gypsum sheathing,
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thickness of the sheathing (view C, fig. 9-41).
When vertically applied plywood or diagonal
wood sheathing is used, a good counection
between the wall and floor framing is obtained.
This method is usually preferred where good
wall-to-floor-to-foundation connections are
desirable.

Wood sheathing is commonly applied
honizontally because it is easy to apply and there
15 less lumber waste than with diagonal
sheathing. Horizontal sheathing, however,
requires diagonal ¢omer bracing for wall
sheathing.

Diagonal sheathing should be applied at a
45° angle, which adds greatly to the rigidity of
the wall and eliminates the need for comer
bracing. There is more lumber waste than with
horizontal sheathing because of angle cuts, and
application is somewhat more difficult. End
joints should be made over studs.

PLYWOOD

Plywood used for sheathing should be 4 by
8ft or longer and applied vertically with
perimeter nailing to eliminate the need for
comer bracing. (See fig. 9-42.) Use 6~penny nails
for plywood 3/8in. or less in thickness, 8-penny
nails for plywood 1/2in. or more in thickness.
Spacing should be a minimem of 6in. at ali
edges and 12in. at intermediate framing
members.

Plywood may also be applied horizontally,
but not being as efficient from the standpoint of
ngidity and strength, it normally requires
diagonal bracing. However, blocking between
studs to provide for horizontal edge nailing will
1mprove the rigidity and usually eliminate the
need for bracing. When shingles or similar
exterior finishes are employed, it is necessary to
use threaded nails for fastening when ply wood is
only 5/16 or 3/8in. thick. Allow 1/&in. edge
spacing and 1/16-in. end spacing between
plywood sheets when installing.

Particleboard, hardboard, and other sheet
materials may also be used as a sheathing.

Ve

S
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However, their use s somewhat restricted
because cost is usually higher than the sheet
materials previously mentioned.

STRUCTURAL
INSULATING BOARD

Vertical application of structural insulating
board (fig. 9-42} in 4- by 8-ft sheets is usually
recommended by the rianufacturer because
Perimeter nailing is possible. Depending on local
building regulations, spacing nails 3 in. on edges
and 6in, at intermediate framing members
usually eliminates the need for coraer bracing
when 25/32-in. structural insulating board
sheathing or 1/2-in. medium-density structural
insulating board sheathing is used. Use ! 3/4-in.
galvanjzed roofing nails for the 25/3Z-inch
sheathing and 1 1/2-in. nails for *he 1/2-in.
sheathing. Manufacturers usually recommend
1/8in. spacing between sheets. Joints are
centered on framing members.

GYPSUM AND
INSULATING BOARD

Gypsum and insulating board sheathing in
2- by &ft sheets applied horizontally require
comer bracing. (See fig. 943.) Vertical joints
should be staggered. The 25/32:in. board should
be nailed to each crossing stud with 1 3/4-in.
galvanized roofing nails spaced about 4 1/2in.
apart.

The 1/2-in. gypsum and insulating board
sheathing should be nailed to the framing
members with 1 1/2-in. galvanized roofing nails
spaced about 3 1/2 in. apart.

When wood bevel or similar sidings are used
over plywood sheathing less than 5/8 in. thick,
and over insulating board and gypsum board,
nails must usually be located $o as to contact the
stud. When wood shingles and similar finishes
are used over gypsum and regular density
insulating board sheathing, the walls are stripped
with 1-by 3-in. horizontal strips spaced to
conform to the shingle exposure. The wood
strips are nailed to each stud crossing with two

5
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&penny or 10-penny threaded nails, depending
on the sheathing thickness. (See fig. 9-43.)
Nail-base cheathing board usually does not
require stripping when threaded nails are used.

SHEATHING PAPER

Sheathing paper should be water resistant
but not vapor resistant. it is often called
“breathing’ paper as it allows the movement of
water vapor but resists entry of direct moisture.
it also serves to resist air infiltration. Rosen,

15-pound asphalt feit, and similar papers are
vonsidered satisfactory.

Sheathing paper should be used behind a
stucco or masonry veneer finish and over wood
sheathing. It should be installed horizontally
starting at the botiom of the wall. Succeeding
layers should be lapped about 4 in, Ordinarily, it
is not used over plywood, fiberboard, or other
sheet materials that are water-resistant.
However, 8 in. or wider strips of sheathing paper
should be used around window and door
openings to minimize air infiltration.




CHAPTER 10

ROOF FRAMING

This chapter provides the fundamentals of
roof design and construction, Included are
definitions of roof construction terms,
descriptions of various roofs and rafters, and
techniques of laying out, cutting, and erecting
rafters and other roof framing members.

TYPES OF ROOFS

The primary object of a roof in any climate
is to keep out the rain and the cold. The foof
must be sloped so as to shed water. Where heavy
snows cover the roofs for long periods of time,
roofs must be constructed rigidl? to bear the
extra weight. They must also be strong enough
to withstand high winds. The most commonly
used types of roof construction incinde the
gable, the lean-to or shed, the hip, and the
intersecting.

The GABLE roof (fig. 10-1) has two roof
slopes meeting at the center, or ridge, to form a
gable. This form of foof is the one most
commonly used by the Navy, since it is simple in
design, economical to construct, and may be
used on any type of structure.

LEAN-TO or SHED ROOF (fig. 10-1), is 2
near-flat roof and is used where large buildings
are framed under one roof, where hasty or
temporary construction is needed, and where
sheds or additions to buildings are erected. The
pitch of the roof is in one direction only. The
roof is held up by the walls or posts on four
sides; one wall or the posts on one side are at a
higher leve! than those on the opposite side.

—_—
SHED ROOF GABLE ROOF

HIP ROOF

45.449
Figure 10-1,.—Mast common types of pitched roofs,
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The HIP roof {fig. 10-1) consists of four
sides or slopes running taward the center of the
building. Rafters at the corners extend
diagonally to meet at the center or ridge. Into
these rafters, other rafters are framed.

The INTERSECTING roof (fig. 10-1)
consists of a gable and valley or hip and valley
intersecting each other. The valley is that
portion where the roofs meet with each roof
slanting in a different direction. This type of
roof is more complicated and fequires more time
and labor to construct. Although there are many
variations of this type of roof, the intersections
are usually at right angles.

ROOF CONSTRUCTION TERMS

A roof has several characteristics or con-
struction features which are illustrated in figures
10-2 and 10-3. They are defined or described as
follows:

SPAN of a roof is the shortest distance
between two opposite rafter seats. In other
words, it is the distance between the outside
plates, measured at right angles to the direction
of the ndge.

UNIT OF RUN is a fixed unit of measare,
always 12 ,.aches. It is the same for the roof as
for any other part of the building.

—
RISE
PER FT
OF RUN
—t

133.362
Figure 10-2.—-Span, total rise and total run.
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Figure 10-3.—Roof framing terms,

UNIT OF SPAN is likewise a fixed unit of
measure, always twice the unit of run or 24
inches.

TOTAL RUN is the horizontal distance over
which a rafter extends.

TOTAL RISE is the vertical distance from
the plate to the point where an adjacent rafter
intersects the ridge.

PITCH is the ratio of the totsl rise to the
span. 1t describes the slope of a roof. Pitch is
expressed as a fraction, such as 1/4 or 1/2 pitch.
The term PITCH is gradually being replaced by
the term CUT.

CUT of a roof is the angle that the roof
surface makes with a horizontal plane. This
angle is usually expressed as a fraction in which
the numerater equals the unii ~ " rise and the
denominator equals the unit or *n (12 in.),

10-2
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such as 6/12 or 8/12. Sometimes cut is
expressed in inches per foot. For example, a
6 in. or 8in. cut per foot. Here the unit of run
(12 in,) s understood.

LINE LENGTH is the hypotenuse of a
triangle whose base equals the total run and
whose altitude equals the total rise.

RAFTERS

The pieces which make up the main body of
the framework of all roofs are called rafters.
They do for the roof »aat the joists do for the
floer and what the studs do for the wall. Rafters
are inclined members spaced from 16 to 48 in.
apart w.ich vary in size, depending on their
length ind the distance at which they are
spaced. The tops of the inclined rafters are
fastened in one of the various common ways
determined by the type of roof. The bottoms of
the rafters rest on the plate member which
provides a conneciing link between wall and
roof and is really a functional part of both. The
structural relationship between rafters and wall
is the same in all types of roofs. The rafters are
not framed into the plate, but are simply nailed
to it, some being cut to fit the plate while
others, in hasty construction, are merely laid on
top of the plate and nailed in place. Rafters may
extend a short distance beyond the wall to form
the eaves and protect the sides of the building.

TERMS USED IN
CONNECTION WITH RAFTERS

Since rafters, with ridgeboards and plates,
are the principal members of roof framing, it is
important to understand the foilowing terms
that apply tc them.

‘The COMMON rafters (No.1, fig. 1G-4)
extend from plate to ridgeboard at right angles
to both.

HIP rafters (No.2, fig. 10-4) extend
diagonally from the outside comers formed by
perpendicular plates to the ridgeboard.

2} RinceBoan

-1 FIE

Hip JACK

HEEL Cut

t COMMON RAFTERS 3 yalLEv RAFTERS 5 VALLEY JacK$
2 Hip RAFTERS 4 WP JECK & CRIEPLE JaCks

133.363
Figure 10-4.—Rafter terms.

VALLEY rafters (No. 3, fig. 10-4) extend
from the plates to the ridgeboard along the lines
where two roofs intersect.

JACK rafters never extend the full distance
from plate to ridgeboard. Jack rafters are
subdivided into the hip jacks (No. 4, fig. 104),
the lower ends rest on the plate and the upper
ends against the hip rafter; valley jacks (No. 35,
fig. 10-4), the lower ends of which rest against
the valley rafters and the upper ends against the
ridgeboard; and cripple jacks (No. 6, fig. 10-4),
which are nailed between hip and valley rafters.

TOP or PLUMB CUT is the cut made at the
end of the rafter to be placed against the
ridgeboard or, if the ridgeboard is omitted,
agalnst the opposite rafters.
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SEAT, BOTTOM, or HEEL CUT is the cut
made at the end of the rafter which is to rest on
the plate.

SIDE or CHEEK CUT is a bevel cut on the
side of a rafter to fit it against another frame
mem ber.

RAFTER LENGTH is the shortest distance
between the outer edge of the plate and the
center of the ridge line.

EAVE or TAIL is the portion of the rafter
extending beyond the outer edge of the plate.

MEASURE LINE is z2n imaginary reference
line laid out down the middle of the face of a
rafter. If a portion of a roof is represented by a
right tnangle (fig. 10-5), the measure line will
correspond to the hypotenuse, the rise to the
leg, and the yun to the base.

PLUM, LINE is any fine that is vertical
when the after is in its proper position (iig.
10-5). v

LEVEL VINE is any line that is horizontal
when the 1y7ter is in its proper position (fig.
10-5). ¢

COMMON RAFTER LAYOUT

Rafters must be laid out and cut with slope,
length, and sverhang exactly right so that thev
will fit whet placed in the position they are to
occupy in thexfinished roof,

The Builder first determines the length of
the rafter an.: the length of the piece of lumber
from which ‘he rafter may be cut. If he is
working l‘romaa set of plans which includes a
roof plan, the rafter lengths and the width of the
building may be obtained from this plan. If no
plans are available, the width of the building
may be measured with a tape. To determine the
rafter length, first find the total run, which is
one-half of the distance between the outside
plates. Total run is the honzontal Jistance that a
common rafter will cover. The amount of rise
per {1 has yet to be considered. If the building to

LENGHT OF
RAFTER
”

-
-

- b RISE oF

WEASURE ROOF
LINE

-

MEASURE LINE GR
LENGTH GF RAFTER

PLUME LINE

LEVEL LINE

L
RISE IN
INCHES

If

PLYMB

®

$33.364
Figure 10-5.—Rafter tormt—Continued.

be ronfed is 20 ft wide, haif the span will be
10 ft. For example, the nse per ft is to be 8
inches. To determine the approximate overall
length of a rafter, measure on the steel carpenter
square the distance between 8 on the torgue and
1Z on the biade. because 8 is the rise and 12 is
the unit of run. This distance is 14 5/12in. and
represents the iine fength of a rafter with a total
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run of I ft and a rise of 8 in. Since the run of
the rafter is 10 ft, multiply 10 by the line length
for 1 ft. The answer is 144 1/2in., or 12t and
1/6 in. The amount of overhang, nomally 1 ft,
must be added if an overhang is to be used. This
makes a total of 13 ft for the length of the
rafter, but since 13ft is an odd length for
trmbet, a 14-ft timber is used.

After the length has been determined, the
timber is laid on sawhorses, sometimes called
saw benches, with the crown or bow, if any, as
the top side of the rafter. If possible, select a
straight piece for the pattern rafter. If a straight
piece is not available, have the crown toward the
perscn laying off the rafter. Hold the square
with the tongue in the right hand, the blade in
the left, the heel away from the body, and place
the square as near the upper end of the rafter as
possible. In this case, the figure 8 on the tongue
and 12 on the blade are placed along the edge of
timbet which is to be the top edge of the rafter
as shown in view 1, figure 10-6. Mark along the
tongue edge of the square, which will be the

hednpeneart®

®

Figure 10-6.—Rafter laYout-scele or measurement
method.

plumb cut at the ridge. Since the length of the
raftet is known to be 12 ft and 1/6 in., measure
the distance from the top of the plumb cut and
mark it on the timber. Hold the square in the
same mannetr with the 8 mark on the tongue
directly over the 12-ft and 1/6-in. mark. Mark
along the tongue of the square to give the plumb
cut for the seat (view 2, fig. 10-6). Next measure
off, perpendicular to this mark, the length of
ovethang along the timber and make a plumb
cut mark in the same manner, keeping the
square on the same edge of the timber (view 3,
fig. 16-6). This will be the tail cut of the rafter;
often the tail cut is made square across the
timber.

The level cut or width of the seat is the
width of the plate, measured perpendicular to
the plumb cut, as shown in view 4, figure 10-6.
Using the try square, square lines dbwn on the
sides from all level and plumb cut lines. Now the
raftet is ready to be cut.

If a building is 20 ft 8 in. wide, the run of
the rafter would be 10 ft 4 in., or half the span.
Instead of using the above metliod, the rafter
length may be determined by “stepping it off”
by successive steps with the square. as shown in
figure 10-7. Stake the same number of steps as
there are ft in the run, which leaves 4 in. overa

@

133,366
Figure 10-7.~Rafter layout-stap-off method.
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ft. This 4 in. is taken care of in the same manner
as the full ft run; that is, with the square at the
last step position, make a mark on the rafters at
the 4-in. mark on the blade, then move the
square along the rafter until the tongue rests at
the 4-in. mark. With the square held for the
same cut as before, make a mark along the
tongue. This is the line length of the rafter, The
seat cut and hangover are made as described
above. When laying off rafters by any method,
be sure to recheck the work carefully. When two
rafters have been cut, it is best to put them in
place to see if they fit. Minor adjustments inay
be made at this time without serious damage or
wasi2 of material.

TABLE MFTHOD, USING RAFTER
TABLE ON FRAMING SQUARL

The rafter table which is located on the
blade gives both the line langth of any pitch or
rafter per ft of run and the line length of any hip
or valley rafter per ft of run. The difference in
length of the jack rafter spaced 16- or 24in.
Q.C. is also shown in the table. Where the jack
rafter, hip, or valley rafter requires side cuts, the
cut is given i the table.

The table (fig. 10-8) appears on the face of
the blade. It is used to determine the length of
the common, valley, hip, and jack rafters, and
the angles at which they must be cut to it at the
ridge and plate. To use the table, the Builder
first must become familiar with it and know
what each figure represents. The row of figures

LENGTH COMMOH RAFTERS

210 mtg

PE R FOCT

in the first line represents the length of common
rafters per ft of run, as the title indicates at the
lefthand end of the blade. Each set of figurs
under each in, division mark represents the
length of rafter per ft of run with a rise
comesponding to the number of in. over the
number. For example, under the 16-in. mark
appears the number 20.00in. This number
equals the length of a rafter with arun of 12 in.
and a rise of 16in., or, under the 13-in. mark
appears the number 17.69 in. which is the rafter
length for a 12-in. run and a 13-in. rise. The
other five lines of figures in the table will not be
discussed as they are seldom used.

To use the table for laying out rafters, the
width of the building must first be known.
Suppose the building is 20 ft 8 in. wide and the
rise of the rafters is to be 8 in. per ft of run. The
total run of the rafter will be 10 ft 4 in. Look in
the first line of figures, under the 8-in. mark
appears the number 14.42, which is the length in
in. of a rafter with a run of 1 ft and a rise of
8in. To find the line length of a rafter with a
total run of 10 ft4in., muitiply 14.42in. by
10 1/3 and divide by 127s0 as to get the answer
in & The 14.42in. by 101/3 equals
149.007 in., which is divided by 12 to equal
12 5/12 ft. Therefore 12t Sin, is the line
length of the rafter. The remaining procedure
for laying out the rafters after *he length has
been determined was described al.ove.

When the roof has an overhang, the rafter is
usually cut square to save time. When the roof
has no overhang, the rafter cut is plumb, butno
notch is cut in the rafter for a seat. The level cut
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Figure 10-8.—Rafter table method.
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is made long enough to extend across the plate
and the wall sheathing, This type of rafter saves
material, although little protection is given to
the side wall.

BIRD’S MOUTH

A rafter with a projection has a notch in it
cailed a BIRD’ MOUTH, as shown in figure 10-9.
The plumb cut of the bird’s mouth, which bears
against the side of the rafter plate is called the
HEEL cut; the level cut, which bears on the top
of the rafter plate, is called the SEAT cut.

The size of the bird’s mouth is usually stated
in terms of the depth of the heel cut rather than
in terms of the width of the seat cut. You lay
out the bird’s mouth in aboui the same way you
lay out the seat on a rafter without a projection.
Measure off the depth of the heel on the heel
plumb line, set the square as shown in figure
10-10, and draw the seat line along the blade.

SEAT CuT OF
BIRD'S MOUTH

HEEL CUT OF
BIRDS HOUTH ——

133118
Figura 10-8,~Bird’s mouth on a rafter with projection.

133,120
Figure 10-10.—Layind out a hird’s mouth.

For the roof surface. ALL RAFTERS should be
exact, therefore, the amount above the seaf cut,
rather than the bottom edge of the rafters, is the
most important measuremeng. Suppose that on a
hip roof, or an intersecting roof, the hips or
valley rafters are 2 by 6 and the common rafters
2 by 4, The amount above the seat cut should be
such as to adequately support the overhang of
the roof, plus personnel working on the roof.
The width of the seat cut is important as a
vearing surface. The maximum width of the
common rafter should not exceed the widtii of
the plate.

HIP RAFTER LAYOUT

Most hip rcofs are EQUAL-PITCH hip roofs,
in which the angle of slope on the roof end or
ends is the same as the angle of slope on the
sides. Unequal-pitch hip roofs do exist, but they
are quite rare, and they require special laycut
methods. The UNIT LENGTH RAFTER
TABLE on the framing square applies only to
2qual pitch hip roofs.

In the following discussion of hip roof
framing, it will be assumed that in every case the
roof is an equal-pitch hip roof.

The length of a hip rafter, like the length of
a common rafter, is calculated on the basis of
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bridge measure times the unit of run. Any of the
methods previously described for a common
rafter may be used. Some of the basic daa for a
hip rafter, however, are cifferent.

Take a look at figure 10-11, which shows
part of a ROOF FRAMING DIAGRAM for an
EQUAL-PITCH hip roof. A roof framing
diagram may be included ariong the working
drawings: if it is not, you should lay one out for
yourself. Lay the building lines out to scale first;
you can find the span and the length of the
building on the working drawings. Then draw a
horizontal line along the center of the span.

In an equal-pitch hip roof framing diagram,
the lines which indicate the hip rafters (FA, GA,
IB, and KB in fig. 10-11) forms 45° angles with
the*buiiding lines. Draw these lines in at 45°, as
shown. The points where they meet the
centerline are the THEORETICAL ends of the
ridge piece. The ridge-end common rafters CA,
DA, EA, HB, JB, and LB join the ridge at the
same points.

A line which indicates a rafter in the roof
framing diagram is equal in length (io scale, of
course) to the TOTAL RUN of the rafter it
represents. You can see from the diagram that
the total run of a hip rafter (represented by lines
FA, CA, IB, and KB) is the hypotenusé’of a
right triangle with shorter sides each equal to the

l‘—~ LENGTH OF SULONG —b’
F o H i

BUILOING

2]

r——- SPAN OF
o

133121
Figure 10-11.—Equai pitch hip roof framing disgram.

total run of a common rafter. You know the
total run of a common rafter: it is one-half the
span, or one-half the width of the building.
Knowing this, you can find the total run of a hip
rafter by applying the Pythagorean theorem.

Let us suppose, for example, that the span
of the building is 30 ft. Then one-half the span,
which is the same as the total run of a common
rafter, is 15 f{. By the Pythagorean theorem, the
total run of a hip rafter is the square root of
(152 +15%), or 21.21 ft.

What is the total rise? Since a hip rafter joins
the ridge at the same height as a common rafter,
the total rise for a hip rafter is the same as the
total rise for a common rafter. You know how
to figure the total rise of a common rafter. Let
us supposg that this roof has a unit run of 12
and a unit rise of 8. Since the total run of a
common rafter in the roof 1s 15 ft, the total rise
of a common rafter is the value of X in the
proportional equation 12:8::15.x, or 10 ft.

Knowing the total run of the hip rafter
(21.21ft) and the total risz (10 ft), you can
figure the line length by applying the
Pythagorean theorem. The line length is the
square root of (21.21% + 10?), or 23.44 ft. or
about 23 ft 5 1/4 in.

To find the length of a hip rafter on the
basis of bridge measure. You must first
determnine the bridge measure. As with a
common rafter, the bridge measure of a hip
rafter is the length of the hypotenuse of a
triangle with shorter sides equal to the unit run
and unit rise of the rafter. The unit nise of a hip
rafter is always the same as that of a common
rafter, but THE UNIT RUN OF A HIP RAFTEK
18 DIFFERENT.

The unit run of a hip rafter in an equal-pi‘ch
hip roof is the hypotenuse of a right triangle
with shorter sides each equal to the unit run of a
common rafter. Since the unit run of a common
rafter is 12. the unit run of a hip rafter is the
square root of (122 + 12%) or 16.97.

If the unit run of the hip rafter is 16,97 and
the unit rise {in this particular case) is 8, the unit
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length of the hip rafter must be the square root
of (16.97% + 8%}, or [8.76. This mean. that for
every 16.07 units of run the rafter has [8.76
units of length. Since the total run of the rafter
is 21.21 ft. the length of the rafter must be the
value of X in the nrroportional equation
16.97:18.76::21.21:x, or 23.44 {t.

Like the unit length of a common rafter, the
bridge measure of a hip rafter may be obtained
from the unit length rafter tadle on the framing
square. if you tum back to figure [0-8. you will
see that the second line in the table is headed
“Length hip or valley rafters per ft run.”” This
means “per foot un of A COMMON RAFTER
IN THE SAME ROOQF.” Actually, the unit
length given in tha tables is the unit length for
every 16.97 units of run QF THE HIP RAFTER
ITSELF. If you run across to the unit length
given under 8. you will find the same figure,
[8.76 units, that you calculated above.

An easy way to calculate the length of an
equalpitch hip roof rafter is to multiply the
bridge measure by the number of ft in the total
run of a common rafter. which is the same as the
number of ft in one-half of the span of the
building. One-half of the span of the building in
this case is [5 ft; the length of the hip rafter is
therefore 18.76 x 15, or 281.40in.. which is
281.40/12, or 23.45 ft. Note that when you use
this method you get a result in in.. which you
must convert to ft. The slight difference of
0.0l ft between this result and the one
previously obiained amounts {0 less than [/81n.,
and may be ignored.

You step off the length of an equal-pitch hip
roof rafter just as you do the length of a
common rafter, except for the fact that you set
the square to a unit of run of 16.97 in. instead
of to a unit of run of 12in. Since 16.97 11, is
the same as [6in. and [5.52 sixteenths of an in.,
setting the square to a unit of run of [7in. is
close enough for most practical purposes. Bear
in mind that for any plumb cut line on an
equal-pitch hip roof rafter you set the square to
the unit rise of a common rafter and to a umt
rnof (7.

You step off the same number of times a5
there are ft in the totual run of a common rafter

in the same roof. only the size of each step is
different. For every |2-in. step in a common
rafter, a hip rafter has a [7-in. step, In the roof
on which we are working, the total run of a
commeon rafter is exactly [5 ft; this means that
you would step off the hip-rafter cut (17 in. and
8in.) exactly 15 times.

Suppose. liowever, that there was an QDD
UNIT in the common rafter total ran, Assume,
for example, that the total rur of a common
rafter is 15 ft 10 1/2 in. How would you make
the odd fraction of a step on the hip rafter?

You remember that the unit run of a hip
rafter is the hypotenuse of a right triangle with
other sides each e »al to the unit run of a
common rafter. This being the case, the run of
the odd unit on the hip rafter must be the
hypotenuse of a right trdangle with other sides
each equal to the odd unit of run of the
common rafter, which in this case is 10 [/2in.
You c¢an figure this by the Pythagorean theorem
(square root of {10.5% + [0.5%), or you can set
the square on a true edge to 10 [/2in. on the
tongue and 10 [/2 in. on the blade and measure
the distance between the marks. It comes to
14.84 in.. which rounded off to the nearest

1/16 in. equals 14 13/16 in.

10-9

To lay off the odd unit, set the tongue of
the framing square to the plumb line for the last
full step made and measure off [4 [3/16in.
along the blade. Place the tongue of the square
at th2 mark. set the square to the hip rafier
plumb cut of &in. on the tongue and 17 in. on
the blade, and draw the line length cut line.

Hin Rafier Shortening Allowance

As is the case with a common rafter, the line
length of a hip rafter does not take into account
the thickness of the ridge piece. The size of the
ridge-end shortening allowance for a hip rafter
depends upon the manner in which the ridge end
of the hip rafters joined to the other structural
members. As shown in figure {0-12, the ridge
end of the hip rafter may be framed against the
ridge piece (view A, fiz. 10-12) or against the

e —
-
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Figure 10-12.-Hip rafter shortening allowance.

ridge-end common rafters (view B, fig. 10-}2). If
the hip rafter is framed against the ridge piece,
the shortening allowance is one-half of the 45°
thickness of the ridge piece. The 45° thickness
of stock is the length of aline laid at 45° across
the thickness dimension of the stock. If the hip
rafter is framed against the common rafters, the
shortening allowance js one-half of the 45°
thickness of a common rafter. To lay off the
shortening allpwance, set the tongue of the
framing square to the line length ridge cut line,
measure off the shortening allowance along the
blade, set the square at the mark to the cut of
"the rafter (8 in. and 17 in.}, and draw the actual
ridge plumb cut ine.

Hip Rafter Projecdon

A hip rafter projection, like a common
rafter, is figured as a separate problem. The run
of a hip rafter projection, however, is not the
same as the run of a common rafter projection
in the same roof. Figure 10-13 shows vou why.
The run of the hip rafter projection, as you can
see, is the hypotenuse. of a right triangle with
shorter sides each equal to the run of a common
rafter projection. If the run of the common
rafter overhang is 18in., th¢ run of the hip
rafter is the square root of (18% +18?%), or
25.45 in. Since the rafter rises 8 units for every
17 units of run, the total rise of the projection is

16-10
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Figure 10-13.—Run of hip rafter projection.

the value of x in the proportional equation
17:8::25.45:%, or 11.9in. If the total run is
25.45 in. and the total rise 11.9 in., the length
of the. projection js the square root of
(25.45% +11.9%), or about 28 in.

Hip Rafter Side Cuts

Since a common rafter runs at 90° to the
ridge, the ridge end of a common rafter is cut
square, or it 90° to the lengthwise line of the
rafter. A hip rafter, however, joins the ridge, or

- the ridge ends of the comnmon rafters, at an
angie, and the ridge end of a hip rafter must‘\
therefore be cut to a corresponding angle, called
a SIDE CUT. The angle of the side cut is more
acute for a high unit rise than it is for a 1ow one.

The angle of the side cut is laid out as shown
in figure 10-14. Place the tongué of the framing
square along the e cut line, as shown, and
measure off one-half the thickness of the hip
rafter along the blade, Shift the tongue to the
mark, set the square to the cut of the rafter
(17in. and 8in.), and draw the plumb line
marked A i the ‘figure. Then tum the rafter
edge-up, draw an edge centerline, and draw in
the angle of the side cut as indicated in, the
lower view of figure 10-14. For a hip rifter

which is to be framed against the ridge there'‘will

LHE LENGTH RIDGE-END

- -
l/ / P / .
N -
— A TER AT
é a5 ANGLE

10-11

\V\ \

SHORTENHG
ALLOWANCE

TAL OOUBLE
SIDE Curt

133.124

Figure 10-14.—Laying out hip rafter side cut.

be only a single side cut, as indicated by the
dotted line; for one which- is to be framed
against the ridge ends of the common rafters
there will be a doable side cut, as shown. The
tail of the rafter must have a double side cut at
the same angle, but in the reverse direction.

The angle of the side cut on a hip rafter may
also be laid out by referring to the unit length
rafter table on the framing square. If you turn
back to figure 40-8, you will see that the bottom
line in the tabie is headed “Side cut hip or valley
use.” If you follow this line over to the column
headed by the figure 8 (for a unit rise of 8), you
will find the figure 10 7/8. If you place the
framing square face-u’p on the rafter edge, with
the tongue on the ridge-end cut 1ine, and set the
square to a cut of 10 7/8 in. on the blade and
12 in. on the tongue, you can draw the correct
side-cut angle along the tongue.

If the bird’s mouth on a hip rafterhad the
same depth as the bird’s mouth on 8 common

rafter, the edges of the hip rafter would extend
above the upper ends of the jack rafters as
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HIP RAFTER

AMOUNT OF
BACKING

Figure 10-15.—Backing or dropping a hip rafter.

shown in figure 10-15, This can be corrected by
either BACKING or DROPPING the hip rafter.
Backing means to bevel the upper edgc of the
hip rafter. As shown in figure 10-15, the amount
of backing is taken at the right angle to the roof

surface, or the top edge of the hip rafter.
Dropping means to deepen the bird's mouth so
as to bring the top edge of the hip rafter down
to the upper ends of the Jacks. The amount of
drop is taken on the heel plumb line.

The amount of backing or drop required is
calculatcd as shown in figure 10-16. Set the
framing square to the cut of the rafter (8 in. and
17in.) on the upper edge and measure off
one-half the thickness of the rafter from the
edge along the blade. A line drawn through this
mark, parallel to the edge, will indicate the bevel
angle, as shown, 1f the rafter is to be backed.
The perpendicular distance between the line and
the edge of the raftes will be the amount of
drop—meaning the amount that the depth of the
hip rafter bird’s mouth should exceed the depth
of the common rafter bird's mouth.

VALLEY RAFTER LAYOUT

A valley rafter follows the line of
intersection between a3 main roof surface and 2

HIF RAFTER

KBACMNG LINE

12 THIC KNESS OF

)\V/ / \\

AMOUNT OF DR OP.J

BACKING
r LIKE

Figure 10-16.—-Datermining roquired amount of backing or drop.

DEPTH OF COMMON
RAFTER BIRGS MOUTH

133.126
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Chapter 10—~ROOF FRAM'NG

gable~roof addition or a gable-roof Jormer
surface. Most roofs which contain valley rafters
are EQUAL-PITCH roofs, in which the pitch of
the addition or doriner roof is the same as the
pitch of the main roof. There are UNEQUAL-
PITCH valley-rafter roofs. but they are quite
rare, and they require special framing
methods. In the discussion of valley rafter
layout, it will be assumed that the roof is in
every case an equal pitch roof. in which the unit
of run and unir of ncse of an addition or dormer
common rafter is tlie same as the unit of run and
unit of rise of 2 main roof common rafter. In an
equal-pitch roof. the valley rafters always run at
45° to the building lines and the ridge pieces.

Figure 10-17 shows n EQUAL-SPAN
framing situation, in which the span of the
addition is the same as the span of the main
roof. Since the pitch of the addition roof is the

- f
Ww WAN ROGE SENE /

a% SPat LF INTERSECTIMNG #1056

™
-

N

133.127
Figure 10-17.—Equal span man reof and intersaction
roof,

same as the pitch of the main roof. equal spans
bring the ridge pieces to equal heights.

If you look at the roof framing diagram in
the figure, you will see that the total run of a
valley rafter {indicated by AB and AD in the
diagram) is the hypotenuse of a right triangle
with shorter sides equal to the total run of a
common rafter in the main roof. The unit run of
a valley rafter is therefore 16.97, the same as the
unit run for a hip rafter. It follows that figuring
the length of an equal-span valley rafter is tlie
same as figuring the length of an equal-pitch hip
roof hip rafter.

A valley rafter, however, does not require
backing or dropping. The projection, if any, is
figured just as it is for a hip rafter. Side cuts are
laid out as they are for a8 hip rafter; the
valley-rafter tail has a double side cut, like the
hip-rafter tail, but in the reverse direction, since
the tail cut on a valley rafter must form an
inside rather than an outside comer. As
indicated in figure 10-18, the ridge-end
shortening allowance in this framing situation
amounts to one-half of the 45° thickness of the
Hdge.

Wiy RTOF RIGGE YALLEY QAFTER SHOGRTENING
AL LUWANCE 172 OF 45% TysCxnEsS
0F MaiN RIGE RIDSE

Y

valLlEy RAS T‘."!X

vaLLEY RAFYER

‘\

L. 1

AIBGE

133,128
Figure 10-18.—Ridge-end shortening allowance for aquat

span intersection valtey rafter,
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the shorter valley rafter, on the other hand, is
FULL LENGTH the hypotenuse of a right trian~e with shorter
VALLEY RAFTER sides each equal to the total run of a common
rafter IN THE ADDITION. The total run of a
common rafter in the main roof is equal to
one-haif the span of ths main roof; the total ran

of a common rafter in the addition is equal to

one-half the span OF THE ADDITION.
Knowing the total run of a valley rafter, or
T of any rafter, for that matter, you can always
find the line length by applying the bridge
measure times the total run. Suppose, for
{NTERSECTING ROOF SPAN SHORTER——I example, that the span of the addition ipfigure
THAN MAIX ROOF SPAH 10-19 is 307, and that the unit rise of a
common rafter in the addition is 9. The total
run of the shorter valley rafter is the square root
of (15% +15%), or 21.21 ft. If you refer back to
the unii iength rafter table in figure 10-8, you
will see that the bridge measure for a vailey
rafterin a roof with a common-rafter unit rise of
9is 19.21. Since the unit run of a valley rafter is

16,97 and the total run of this rafteris 21.21 ft,

SHORTENING ALLOWANCE OF

LONGER VALLEY RAFTER -1 OF
)/Q__w THICKNESS OF MAIN ROOF

133.128 | er—— ————
Figure 10-19.—Equal-pitch but unequal span framing ' \ N Al RODF RIOGE

situation.

. . . . . THORTEN-NG ALLOWANGE OF
Figure 10-19 shows a framing situation in SHORTESR vALL EY RAFTER -

which the span of the addition is shorter than  vacer sarren o
the span of the main roof. Since the pitch of the
addition roof is the sarie as the pitch of the
main roof, the shorter span of the addition
brings the addition ridge down to a lower level
than that of the main roof ridge.
There are two ways of framing an
intersection of this type. By the method shown
in figure 10-19, a full-length valley rafter (AD in
the figure) is framed between the rafter plate
and the ridge piece, and a shorter valley rafter
{CB in the figure) is then framed to the longer
one. If you study the framing diagram, you will
see that the total run of the longer valley rafter
is the hypotenuse of a right triangle with shorter 133.130
sides each equal to the total run of 2 common Figure 10:20.—Long ard short valley rafter shortening
rafter IN THE MAIN ROOF. The total run of sllowancs.

10-14
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13313
Figure 10-21.—Another method of framing equal-pitch
unequel span intersection,

the line length must be the value of x in the
proportional equatioa 16.97:19.21::21.21:x, or
24.01 ft.

An easier way to find the length of a valley
rafter is to simply muitiply the bridge measure
by the number of ft in one-half the span OF
THE ROOF TO WHICH THE VALLEY
RAFTER BELONGS. The length of the longer
valley rafter in figure 10-19, for example, would
be 19,21 times one-half the span OF THE MAIN
ROOF. The length of the shorter valley rafter is
19.21 times onehalf the span OF THE
ADDITION. Since one-half the span of the
addition is 15 ft, the length of the shorter valley
rafter is 15x19.2), or 288.15in., which is
288.15/12, or 24.0} ft. Note again that when
you use this method you get a result in in,
which you must change to ft.

Figure 10-20 shows the long and short valley
rafter shortening allowances. Note that the long

valley rafter has a single side cut for framing to
the main roof ridge piece, while the short valiey
rafter is cut square for framing to the addition
ridge.

Figure 10-21 shows another method of
framing an equal-pitch unequal-span additiun. In
this method, the inboard end of the addition
ridge is nailed to a piece which hangs from the
main roof ridge. As shown in the framing
diagram, this method calls for two short valley
rafters, each of which extends from:the raftef
plate to the addition ridge. The framing diagram
shows that the total run of each of these valley
rafters is the hypotenuse of a right triangle with
shorter sides, each equal to the total run of a
common rafter IN THE ADDITION.

As indicated in figure 10-22, the shortening
allowance of each of the short valley rafters is

YH.AIN ROOF RIDGE

. VALLEY RAFTER SHORTENING
' ALLOWANCE OF Y OF 5%

; TRICKNESS OF ADDITION

. RIDSE

Y

133132
Figure 10-22.-Shortening atlowance of valiey .afters In
suspended ridge method of intersection roof freming.
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MaIN ROOF COMMON
RAFTERS

LY
>
LS —HEADER
.

133133

CRIPPLE COMMON RAFTER

OOUBLED

CRIPPLE COMMON RAFTER

45.457.0
Figure 10-24.—Arrangement and nemas of framing members for dormer without sidewall,
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Chaster 10—ROOF FRAMING

one-half of the 45° thickness of the addition
ridge. Each rafter is framed to the addition ridge
with a single side cut.

Figure 10-23 shows a method of framing a
gable dormsr without side walls. The dormer
ridge is framed to a header set between a couple
of doubled main-toof common rafters. The
valley rafters are framed between this header
and a lower header. As indicated in the framing
diagram, the tota} run of 2 valley rafter is the
hypotenuse of a right triangle with shorter sides
cach equal to the total run of a common rafter
IN THE DORMER, .

Figure 10-24 shows the arrangement and
names of framing members in this type of
dotmer framing.

Figure 10-24 also shows that the upper edges
of the headers must be beveled to the cut of the
main roof. Figure 10-25 shows that in this
method of framing the shortening allowance for
the uppetr end of a valley rafter is one-half of the
45° thickness of the inside member in the upper
doubled header. There is also a shortening
allowance for the lower end, consisting of
one-half of the 45° thickness of the inside
member of the doubled common rafter. The
figure also shows that each valley rafter has a
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Figure 10-25.~Valley rafter shortening allowance for
dormer without sidewall,

double side cut at the upper end and a double
side cut at the jower end.

Figure 10-26 shows a method of framing a
gable dormer with side walls. As indicated in the
framing diagram, the total run of a valley rafter
1s again the hyfotenuse of a right triangle with
shorter sides each equal to the run of a common
rafter IN THE DORMER. You figure the lengths
of the dommer corner posts and side studs just as
you do the lengths of gable-end studs, and you
lay off the lower-end cut-off angle by setting the
square to the cut of the main roof.

Figure 10-27 shows the valley rafter
shortening cllowances for this method of
framing a dormer with side walls.

main RODF YALLEY 2ACK
CRIPPLE (OMMIN RAFTER

MaiN ROOF
vatLEY JaCx -

DORMER wALLEY
C

BORKER SIDE STub

DORWER CORMER PLST
CRIFPLE COMMON
RARTERS
e
45,458
Figure 10-26.~Method of framing gable dormer with

sidewatls,
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DOUBLE MAIN-RQQF SHURTEHJNG ALLOWANCE OOUBLE MAINROOF
COMMOH RAFTER ¥ pF 45" THICKNESS oF COMION RAFTER
INSIDE MEMBER OF UPPFER _'
OGUBLE HEADER
UPPER DOUBLE
HEAQER

AN

N,

", OORMER COMMON RAFTER OQRMER COMMON RAFTER

+—QORMER RIQGE

HORTEHING ALLOWANCE ¥ QF
45" THICKMESS OF QUTSIOE MEMBER
OF OOUBLE MAIN-RODE COMMON
RAFTER, PLUS WHOLE 42° THICKNEXS
OF INSIDE MEMBER,

133.135
Figure 10-27.--Valtey rafter shortening allowsnces for dormer with sidewall.

JACK RAFTER LAYOUT always the same as the unit rise of a common
rafter.

A jack rafter is a part of 2 common rafter, A HIP JACK rafter is one which extends
shortened for framing a hip rafter, a valiey from a hip rafter t~ a rafter plate. A VALLEY
rafter, or both. This means that in an equal-pitch JACK rafter is one which extends from avaliey
framing situation, the unit rise of a jack rafter is rafter to a ridge. A CRIPPLE JACK rafter is one

10-18
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VALLEY JACKS == — X j
3 | ;

/ Ve LEY JACKS

; "
K

g4t

%

HIP JACKS

Figuro 10-28.—~Typas of jeck rafiers.

which does not ccntact either a rafter plate ora

CRIPPLE JACKS™ ridge. A VALLEY CRIPPLE JACK is one which

g extends between two valley rafters it the

CRIPPLE JACK long-and-short-vailey-raiter method of addition

framing. A HIP-VALLEY CRIPPLE JACK is one

which extends from a nip rafter to 2 valley

rafter. All types of jacks except cripple jacks are

shown in figure '0-28. A valley cripple jack and

a couple of hip-valley cripple jacks are shown in
figure 10-29.

Lengths of Hip Jark Refters

Figure 10-30 shows a roof framing diagram

for a series of hip jack rafters. The jacks are

45,460 always on the same spacing O.C. as the common

Figura 10-29.—Vaftey cripple jack and hip-valle¥ cripple rafters. Suppose that the spacwg in this instance
jacke. is 16in. O.C. You san see tnat the total un of
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16 ~et—16 = 18 1+ 16 ——16 "

133.136
Figura 10-30.—Hip jack framing diagram.

the shortest jack is the hypoteruse of a right
triangle with shorter sides each 16 in. long. The
total run of the shortest jack is therefore the
square root of (162 + 16%), or 22.62 in.
Suppose that 3 common rafter in this roof
has a unit rise of 8. The jacks have the same unit
rise as a common rafter. The unit length of a
jack in this roof is the square root of (12% + 82),
or 14.42. This means that a jack is 14.42 units
long or every 12 units of run. The length of the
shortest hip jack in this roof i3 therefore the
value of X in the proportional equation

12:14.42::16:%, 0r 19.23 in.

This is always the length of the shortest hip
jack when the jacks are spaced 16 in. O.C. and

10-20

the common rafter in the roof has a unit rise of
8. It is also the COMMON DIFFERENCE OF
JACKS, meaning that the next hip jack will be
2(19.23 in.) long, the next 3(19.23in.) long,
and so on.

The common difference for hip jacks spaced
16 in. O.C., and also for hip jacks spaced 24 in.
0.C,, is given in the unit length rafter table on
the framing square for unit rises ranging from 2
to 18 inclusive, Turn bagk to figure 10-8, whick
shows a segment of the unit length rafter table,
Note the third line in the table, which reads
“Diff. in length of jacks 16 in. centers.” If you
follow this Line over to the figure under 8 (for a
anit rise of 8), you will find the same unit length
(19.23 in.) that you worked out above.

The best way to figure the length of a valley
jack or a cripple jack is to apply the bridge
measure to the total run. The bridge measure of
any jack is the same as the bridge measure of a
common rafter having the same unit of rise as
the jack. Suppose that th. jack has aunit rise of
8. In figure 10-8, 1ook along the line on the unit
length rafter tables headed “Length common
rafters per foot run” for the figure in the
column nnder 8, and you will find a unit length
of 14.42. You should know by this time how to
apply this to the total run of a jack to get the
line length.

The best way to figure the total runs of
valley jacks and cripple jacks is to lay out a
framing diagram and study it to determine what
these runs must be. Figure 10-3] shows part of a
framing diagram for a main hip roof with a
long-and-short-valley-rafter gable additior. By
studying the diagram, you can figure the total
rmins of the valley jacks and cripple jJacks as
follows:

The run of valley jack No. 1 isobviously the
same as the run of hip. jack No. 8, which is the
run of the shortest hip jack. The length of valley
jack No. 1 is therefore equal to the common
difference of jacks.

The run of valley jack No. 2 is the same as
the run of hip jack No. 7, and the length is
therefore twice the common dif ference of jacks.

The run of valley jack No. 3 is the same as
the run of hip jack No. 6, and the length is
therefore three times the common difference of
jacks.
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Figure 10-21.—Jack raftor framing dlagram.

The run of hip-valley cripple No. 4, and also
of hip-valiey cripple No. 3, is the same as the run
of valley fack No. 3.

The run of valley jack No.9, and also of
valley jack No. 10, is equal to the spacing of
jacks O.C. Therefore, the length of one of these
Jacks is equal to the common difference of jacks.

The run of valley jacks Nos. 1] and 12 is
twice the run of valiey jacks Nos. 9 and 10, and
the length of one of these jacks is therefore
twice the common difference of jacks.

The run of vailey ¢ripple No. 13 is twice the
spacing of jacks O.C., and the length is therefore
twice the common differencé of jacks.

The run of vailey cripple No. 14 is twice the
run of valley cripple No. 13, and the length is
therefore 4 times the common difference of
jacks.

Jack Rafter Shortening Allowances
A hip jack rafter has a shortening allowance

at the upper end consisting of one-half of the
45° thickness of the hip rafter. A valley jack

10-21

rafter has a shortening allowance at the upper
end, consisting of one-half of the thickness of
the ridge, and another at the lower end,
consisting of one-half of the 45° thickness of the
valley rafter. A hipvalley cripple has a
shortening allowance at the upper end,
consis*ing of one-half of the 45° thickness of the
hip rafter, and another a! the lower end,
consisting of one-half of the 45° thickness of the
valley rafter. A valley cripple has a shortening
allowance at the upper end, consisting of
one-half of the 45° thickness of the long valley
rafter, and another at the lower end, consisting
of one-half the 45° thickness of the short valley
rafter.

Jack Rafter Side Cuts

The side cut on a jack rafter can be laid out
by the method Hiustrated in figure 10-14 for
laying out the side cut on a hip rafter. Another
method is to use the fifth line of the unit length
rafter table, which is headed “Side cut of jacks
use” (fig. 10-8). If you follow that line over to
the figure under 8 (for a unit rise of 8}, you will
see that the figure given is 10. To Jay out the
side cut on a jack, set the square face-up on the
edge of the rafter to 12 in. on the tongue and
10in. on the blade, and draw the side-cut line
along the tongue.

Jack Rafter Bird’s
Mouth and Projection

A jack rafter is a shortened common rafter;
consequently, the bird’s mouth and projection
on a jack rafter are laid out just as they areon a
commeon rafter.

RIDGE LAYOUT

Laying out the ridge for a gable roof
presents no particular problem, since the line
length of the ridge is equal to the length of the
building. The actual length would include any
overhang. For a hip main roof, however, the
ridge layout requires & certain amount of
calculation.

As previously menticened, in an equal-pitch
hip roof, the line length of the ridge amounts to
the length of the building minus twice the total

-t
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133.138

Figure 10-32.—Line 8nd actual 19ngths of hip roof ridge.

mun of a main roof comrron rafter. The
ACTUAL length depends upon the way in which
the hip rafters are framed to the ridge.

As indicated in figure 10-32, the line length
ends of the ridge are at the paints where the
ridge centerline and the hip rafter centerlines
cross. In figure 10-32, the hip rafter is framed
against the ridge; in this method of framing, the
actual length of the ridge exceeds the line length,
at each end, by one-half of the thickness of the
ridge, plus one-half of the 45° thickness of the
hip rafter. In figure 10-32, the hip rafter is
framed between the common rafters; in this
method of framing the actual length of the ridge
exceeds the line length, at each end, by one-half
of the thickness of a common rafter.

Figure 10-33 shows that the length of the
ridge for an equal-span addition is egual to the
length of the addition rafter plate, plus one-half
the span of the building, minus the shortening

allowance at the main roof rid:2; the shortening
allowance amounts to one-half of the thickness
of the main roof ridge. Figure 10-33 shows that
the length of the nidge for an unegual-span
addition varies with the method of framing the
ridge. If the addition ridge is suspended from the
main roof ridge, the length is equal to the length
of the addition rafter plate plus one-half the
span of the building. If the addition ridge is
framed by the long-and-short valley rafter
methog, the length is equal to the length of the
addition rafter plate, plus one-half of the span of
the addition, minus a shortening aliowance
consisting of one-half of the 45° thickness of the
long valley rafter. If the addition ridge is framed
to a double header set between a couple of
double main roof common rafters, the length of
the ridge is equal to the length of the addition
side-wall rafter plate, plus one-half the span of
the addition, minus a shortening allowance

10-22
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®

333.139
Figure 10-33.—Lengths of addition nidge.

consisting of one-half the thickness of the inside
member of the double header.

Figure i0-34 shows that the length of the
ridge on a dormer without side walls is equal to
onie-half of the span of the dormer, less a
shortening allowance consisting of one-half the
thickness of the inside member of the upper
double header. Figure 10-34 shows that the
length of the ridge on a dormer with side walls
amounts to the length of the dormer rafter
plate, plus one-half the span of the dormer,
minus a shortening allowance consisting of
one<half the thickness of the inside member of
the upper double header,

SHED ROOF FRAMING

As previously mentoned a SHED or
SINGLE-PITCH roof 15 essentia:ly one-half of a

-
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133.140
Figure 1G-34.~Lengths of dormier ridge.

gable or double-pitch roof. Like the full-length
rafters in a gable roof, the full-length raftersin a
shed roof are COMMON rafters. Note, however,
that as shown in figure 10-35, the total run of a
shed roof common rafter is equal to the span of
the building MINUS THE WIDTH OF THE
RAFTER FLATE ON THE HIGHER
RAFTER-END WALL. Note alsc, that the run
of the projection on the higher wall is measured
from the INNER EDGE of the rafter plate. To
this must be added the width of the plate and
the length of the overhang at the top. Shed-roof
common rafters are laid out like gable-roof
common rafters. A shed-roof common rafter hus
two bird’s mouths, but they are laid out just like
the bird’s mouth on a gable-roof common rafter.
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Figure 10-35,—Shed roof framing.

Figure 10-35 also shows that the height of
the higher rafter-end wall must exceed the
height of the lower by an amount equal to the
total rise of a common rafter.

Figure 10-36 shows a method of framing a
shed dormer. Theré are 3 layout problems to be
solved here, as follows: (1) determining the total
run of a dormer rafter, { 2) determining the angle
of cut on the inboard ends of the dormer rafters,
and (3) determining the lengths of the dommer
side-wall studs.

To determine the total run of a dormer
rafter, you divide the height of the dormer end
wall, in in., by the difference between the unit
rise of the dormer roof and the unit rise of the
main roof. Take the domer shown in figure
10-37, for example; the height of the dormer
end-wall is 9 ft, or 108 in. The unit rise of the
main roof is 8; the unit rise of the dormer roof is 133.142
2 1/2; the difference between them is 5 1/2. The Figure 10-36.~Mathod of framing a shad dormar.
total run of a dommer rafter is therefore 108
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DDAMER RAFTER

MAIN ROOF AAFTER

133.143
Figure 10:37.—Shed dormar framing calcuistions,

divided by § 1/2, or 19.63 ft. Knowing the total
run and the unit rise, you can figure the length
of a dormer rafter by any of the methods
already described.

As indicated in figure 10-37, the inboard
ends of the dormer rafters must be cut to fit the
slope of the main roof. To get the angle of this
cut, set the square on the rafter to the cut of the
main roof, as shown in the third view of figure
10-37; measure off the unit size Of the dormer
roof from the heel of the square along the
tongue as indicated; make a mark at this point;
and draw the cutoff line through this mark from
the 12-in. mark.

You figure the lengths of the side-wali studs
on a shed dormer as follows: in the roof shown

e e b e e e,

in figure 10-37, a dormer rafter raises 2 1/2 units
for every 12 units of run, and a main roof
common rafter rises 8 units for every 12 upits of
run, ff the studs were spaced 12in, O.C,, the
length of the shortest stud (which is also the
COMMON DIFFERENCE of studs) would be
the difference between 8 and 2 1/2in.,0r 5 1/2
inches, This being the case, if the stud spacing is
16in., the length of the shortest stud is the
value of X in the proportional equation
12:5 1/2::16:x, or 7 5/16 in. The shortest stud,
then, will be 7 5/16 in. long; the next stud will
be 27 5/16)in. long, and so on. To get the
lower-end cutoff angle for studs you set the
square on the stud to the cut of the maln roof;
to get the upperend cutoff angle you set it to
the cut of the dormer roof.

RAFTER LOCATION LAYOUT

Rafter locations are laid out on plates, ridge
and other rafters with the same lines and X’s
used to layout stud and joist locations. For a
gable roof, the rafter locations are laid out on
the rafter plates first, and the locations are then
transferred {0 the ridge by matching the ridge
against a rafter plate.

The rafter-plate locations of the ridge-end
common nmfters in an equal-pitch hip roof
measure cne-half of the span {or the run of a
main-roof common rafter) away from the
building comers. These locations, plus the
rafter-plate locations of the rafters lying
between the rdge-end common rafters, can be
transferred o the ridge by matching the ridge
against the rafter plates.

The locations of additional ridge and valley
tafters can be determined as indicated in figure
10-38. In an equal-span situation (illustrated in
Nos. 1 and 2,.fig. 10-38), the valley rafter
locations on the main roof ridge lie alongside the
addition ridge location, In No. | of figure 10-38,
the distance between the end Of the main roof
ridge and the addition ridge location is equal to
distance A plus distance B, distance B being
one-half the span of the addition. In No. 2 of
figure 10-38, the distance between the line
length end of the main roof rdge and the
addition ridge location is the same 2$ distance A.
In both cases, the line length of the addition
ridge is equal to one-half the span of the

10-25

‘jli

————e e e e e —— i ——

e T



BUILDER 3 & 2

Figure 10-38.~Intersection rtidge and valley refter
location layout.

addition plus the length of the addition side-wall
rafter plate.

No. 3 of figure 10-38 shows an unequal-span
situation. If framing is by the long-and-short
valley rafter method, the distance from the end
of the main roof ridge to the upper end of the
longer vailey rafter is equal to distance A plus
distance B, distance B being one-half of the span
of the main roof. The location of the inboard
end of the shorter valley rafter on the longer
valley rafter can be determined as foliows: first
calculate the unit length of the longer valley
rafter, or obtain it from the unit-length rafter
tables. Let us suppose that the common-rafter

unit rise is 8; in that case the unit length of a
valley rafter is 18.76.

The total run of the longer valley rafter
between the point where the shorter rafter ties
in and the rafter plate is the hypotenuse of 2
right triangle with other sides each equal to
one-half of the span of the addition. Suppose
the addition is 20 ft wide; then the total run in
question is the square root of (10% +102), or
14.14 ft.

You know that the valley rafter is 18.76
units long for every 16.97 units of run. The
length of rafter for 14.}14ft of run must
therefore be the value of x in the proportional
equation 16.97:18.76::14.14:x, or 15.63 ft. The
location mark for the inboard end of the shorter
valley rafter on the longer vailey rafter, then,
will be 15.63ft, or 15 ft7 9/16in., from the
heel plumb cut line on the longer valley rafter.
The length of the additional ridge will be equal
to one-half the span of the addition, plus the
length of the additional side-wall rafter plate,
minus a shortening allowance equal to one-half
of the 45° thickness of the longer valley rafter.

If framing is by the suspended-ridge method,
the distance between the suspensior point on
the main roof ridge and the end of the main roof
ridge is equal to distance A plus distance C;
distance C is one-half of the span of the
addition. The distance between the point where
the inboard ends of the valley rafters (both short
in this method of framing) tie into the addition
ridge and the out-board end of the ridge is equal
to one-half the span of the addition plus the
length of the additional side-wall rafter plate.
The length of the additional ridge is equal to
one-half of the span of the main roof plus the
length of the addition side wall rafter plate.

COLLARTIE

Gable or double-pitch roof rafters are often
reinforced by horizontal members called collar
ties {fig. 10-39). In a finished attic, the ties may
also fupction as ceiling joists.

To find the line length of a collar tie, divide
the amount of drop of the tie in in. by the umt
of rise of the common rafter. This will equal
one-half the length of the tie in ft. Double the
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DROP 1N INCHES

N

L\

Figure 10.39.—Calculation for & collar tia,

result for the actual length. The formula is: bottom edge of the collar tie (fig. 10-39). The
Drop in in. x 2 over unit of nse, equals the tie must fit the slope of the roof. To obtain this
length in ft. angle, use the framing square. Hold unit of run

The length of the collar tie depends on and unit of rise of the common rafter. Mark and
whether the drop is measuned to the top edge or cut on unit of run side (fig. 10-40).

COMMON RAFTER

COLLAR TIE

L)

Flgura 10-43.—~Laying aut end cut on ¢ collar the.
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ROOF TRUSSES

The simpie truss or trussed rafter is an
assembly of members forming a rigid framework
of triangular shapes that can support loads over
relatively long spans. See view A of figure 1041,
The webs, chords (lower and upper), and gussets
make up the assembly. Chords and webs are
connected to one another by means of
gussets—metal plates or plywood pieces that are
nailed, glued, or bolted in place. In some trusses,
split rings are used instead of gussets.

Using simple trusses in roof construction
results in saving buiding materials and
shortening the time it takes fo put a structure
under roof. lmportant in selecting the type of
truss to use is the load that the roof must carry.
Factors to consider include weight of snowfall,
ice, and the roof itself; forces due {0 the wind;
slope of the roof, and span. The loading

OuSSET
VAPER CHORD

wED MEMBER

A
/ iy
B
"2
ls
C
133.456
Figura 10-41.—Light wood trusses: A, W-yps; B. King-
post; C. Scissors.

requirement usually increases as weights and
forces increase, cut of the roof decreases, and
span lengthens. To help support bigger loads,
trusses are made stronger by adding more
members as well as using larger sized members,
better grades of lumber, and stronger
connections.

TYPES OF TRUSSES

The most common types of light wood
trusses are the king post, W, and scissors. The
KING POST truss is the simplest type used for
structures. It consists of upper and lower chords
and a vertical centerpost, as shown in view B,
fig. 1041, The W-truss, as shown in view A, fig.
1041, is perhaps the most widely used light
wood truss. Notice that it has no vertical
centerpost, using instead four web members
assembled in the shape of the letter W. A's shown
in view C, fig. 10-41, the SCISSORS truss is used
for structures in which a sloping room ceiling is
desired, such as a cathedral ceiling.

Trusses are easily adaptable to a rectangular
structure Since uniform width calls for only one
type of truss. They can also be used in
constructing the roof of an L-shaped structure.
Special trusses can be fabricated for hip roofs.

FABRICATION

The construction features of a typical
W-truss are shown in [igure 1042, Also shown
are gusset cutout sizes and nailing pattemns for
nail-.glueing. The span of this truss is 26 ft and
cut of roof is 4/12. When spaced 24 in. apart
and made of good quality 2- by 4-inch members,
the trusses should be able to support a total roof
load of 40 1b per sq {t.

Gussets for light wood trusses are cut from
3/8 or 1/2-inch standard plyweod with an
exterior glue line or from sheathing grade
exterior piywood. Glue is spread on the clean
surfaces of the gussets and truss members.
Staples are used to supply preéssure until the glue
is set. Under normal conditions and where the
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FACE_GRAIN /

—

| ~SPACE NAILS 3 oc.~"FK.

o
E

133.467

Flgur 10-42.~Construction of a 26-ft W-truss: A. Bavel-hesl gusset; B, Posk gusset; C. UpPer chord intermediste gustet;
D, Splice of lower chord; €. Lower chord intermediate gussst.

relative humidity of air in attic spaces tends to
be high, a resorcino! glue is applied. In dry and
arid areas, a casein or similar glue is used. Two
rows of 4-perny nails are used for either the 3/8
of 1/2-inch thickness of plywood. The nails ate
spaced so that they are 3 in. apart and 3/4in.
from the edges of the truss members. Gussets are
nail-glued to both sides of the truss.
Plywood-gusset, King-post trusses are limited
to spans of 26 ft or less if spaced 24 in, dpart
and fabricated with 2- by 4-inch members and a
4/12 roof cut. The spans are somewhat less than
those allowed for W-trusses having the
same-sized niembers. The shorter span for the
king-post truss is due jp part to the unsupported
upper chord. On the other hand, because it has
more members than the king-post truss and
distances between connections are shorter, the
W-truss can span up to 32ft without

intermediate support and its members can be
made of lower grade lumber.

HANDLING

Trusses are designed to carry roofloads in 8
vertical or upright position, so it is important
that they be lifted and stored in this position. If
they must be handled in a horizontal or fiat
position, enough workers or supports should be
used to minimize bending. A truss is never to be
supported at its center only or at cach end only
when in a flat position.

ROOF FRAMING ERECTION

Roof framing should be done from 8§
scaffold with planking not less than 4 ft below
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the level of the main roof ridge. The usual type
of roof scaffold consists of diagonally-braced
two-legged horses, spaced about 10 ft apart and
extending the full length of the ridge.

If the building has an addition, as much as
possible of the main roof is framed before the
addition framing is started. Cripples and jack
rafters are usually left out until after the
headers, hip rafters, valley rafters, and ridges to
which they will be framed have been instafled.

For a gable roof, the two pairs of gable-end
rafters and the ridge are usually erected first.

Two crewmembers, one at each end of the
scaffold, hold the ndgs in position, while
another crewmember sets the gable-end rafters
in place and toenails them at the rafter plate
with 8-penny nails, one to each side of a rafter.
Before we proceed any further, see table 9] as
to the type and size nails used in roof framing
erection. Each crewmember on the scaffold then
end-nails the ridge to one of the rafters with two
10-penny nails, driven through the ridge into the
end of the rafter; and toenails the ocher rafter to
the ridge and to the first rafter with two
10-penny nails, one on each side of the rafter.
Temporary braces, like those for a wall, should
be set up at the ridge ends to hold the rafters
approximately plumb, after which the rafters
between the end-rafters should be erected. The
braces should then be released, and the pair of
rafters at one end should be plumbed with a
plumb line, fastened to a stick extended from
the end of the ridge. The braces should then be
reset, and thiey should be left in place until
enough sheathing has been installed to hold the
rafters plumb. Collar ties, if any, are nailed to
common rafters with &penny nails, three to
each end of a tie. Ceiling-joists ends are nailed to
adjacent rafters with 10-penny nails.

On a hip roof, the ridge-end common rafters
and ridges are erected first, in about the same
manner as for a gable foor, and the intermediate
common rafters are then filled in. After that, the
ridgeend common rafters extending from the
ridge ends t¢ the midpoints on the end walls are
erected. The Iip rafters and hip jacks are
installed next. The common rafters in a hip roof

do not require plumbing; if the hip rafters are
comrectly cut, installing the hip rafters will bring
the common rafters plumb. Hip rafters are
toenailed to plate comners with 10-penny nails.
Hip jacks are toenailed to hip rafters with
10-penny nails.

For an addition or dorir.er, the valley rafters
are usually erected first. Valley rafters are
toenailed to plates and to ridge pieces and
headers with 10-penny nails. Ridges and
ridge-end common rafters are erected "next,
other addition common rafters next, and valley
and cripple jacks last. A valley jack should be
held in position for nailing as shown in figure
10-43. When properly nailed, the end of a
straightedge laid along the top edge of the jack
should contact the centerline of the valley rafter
as shown.

In erecting trusses, it is important to anchor
them properly. Because of their single member

STRAIGHTEOGE VALLEY JACK~

vALLEY RaFTER

Figure 10-43.—Correct position for nelling & vellay jack
rafter.
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thickness and use of plywood gussets at the
wallplates, some Kkind of metal connector or
plate anchor is used to suppiement the
toenailings. Trusses are often fumished with a
2. by 4-inch soffit return at the end of each
upper chord to provide nailings for the soffit.

ROOF SHEATHING

The lower layer of roof covering is called the
ROOF SHEATHING; the upper layer is called
the ROOF COVERING or the ROOFING. The
roof sheathing, like the wall sheathing and the
subflooring, is a structurzl element and therefore
a part of the framing. The mof covering or
roofing is a part of the exterior finish. Roof
sheathing, like wall sheathing and subflooring,
may be laid either horizontally or diagonally.
Horizontal sheathing may be either CLOSED
sheathing (laid with no spaces between courses)
or OPEN sheathing {laid with spaces between
courses). Qpen sheathing is used for the most
part only when the roof covering is to consist of
wooden shingles. Closed sheathing is usually
nominal &in. in width; it may consist of

square-edged boards but may be dressed-
and-matched or shiplapped. Open sheathing
usually consists of 1 by 3 or 1 by 4 strips, with
spacing O.C. equal to the specified exposure of
shingles TO THE WEATHER. An 18-in. shingle
which is lapped 12 in. by the shingle above it is
said to be faid 6 in. tc the weather.

Sheathing should be nailed with two
8-penny nails to each rafter crossing. End+joint
requirements are the same as those previously
described for wall sheathing. The sheathing ends
should be sawed flush with the outer face of the
end-wall sheathing, unless a projection of the
roof sheathing over the end-walls is called for. If
such a projection is needed, projecting sheathing
boards must be long enough to span at least
three rafter spaces.

Plywood, usually in 8- by 4-ft sheets, laid
horizontally, is frequently used for roof
sheathing. In trussed rafter construction where
the trusses are spaced 2 ft apart, the interior
sheathing is thicker than that used in
conventional rafter construction with 16-in.
spacing. Nailing requirements are the same as
those previously described for 8- by 4-ft sheets
of pl;\_fwocd wali sheathing.




CHAPTER 11

EXTERIOR FINISH

Chapters 9 and 10 dealt with the process of
framing wood structures. The main framework
materials included joists, studs, rafters, and other
structural members. These structural members
constitute the ROUGH CARPENTRY in a
structure. They are the main supports of the
wood-frame sfructure, whereas the subfloonng
and the wall and roof sheathing strengthen and
brace the frame.

The rest of the work on the structure
concems installation of the nonstructural
members., This work is called FINISH
CARPENTRY, and includes mainly the
installation of practical members, such as door
and window frames, the doors and windows
themselves, the roof covering, and stairs. Some
nonstructural members are purely omamental.
Examples are the casings on doors and windows
and the moldings on cornices and inside walls.
Installation of the purely omamental mermnbers is
called TRIM CARPENTRY.

Finish carpentry is divided into EXTERIOR
FINISH and INTERIOR FINISH. Exterior finish
consists of ROOF SHEATHING, EXTERIOR
TRIM, ROOF COVERING, and outside WALL
SHEATHING. Exterior finish materials are
installed after the rough carpentry has been
completed. This chanter deals with exterior
finish and how to install it safely. Chapter 12
concerns interfor finish materials and
installation.

ROOF SHEATHING

Normally, roof sheatiing is installed as soon
as possibie to allow work inside a structure to

e e SV . ST

progress during inclement weather. Roof
sheathing is - the covering over the rafters or
trusses and usually consists of nominal l-in.
lumber or plywood. In some types of flat or
low-pitched roofs with post-and-beam
construction, wood roof planking or fiberboard
roof decking might be used. Diagonal wood
sheathing on flat or lo-v-pitched roofs provides
racking resistance where areM®with high winds
demand added nigidity. Plywood sheathing
provides the same desired rigidity and bracing
effect. Sheathirg should be thick enough to span
the supports and provide a solid base for
fastening the roofing matenal.

Roof sheathing buards are generally the
third grades of species, such as the pines,
redwoods, and hemlocks, It is important that
thoroughly seasoned material be used with
asphait smngles. Unsezsoned wood will dry out
and shrink in widih causing buckling or Lifting of
the shingles, along the length of the board.

LUMBER SHEATHING

Board roof sheathing used under asphalt
shingles, metal-sheet roofing, or other roofing
materials that require continuous support should
be laid closed (without spacing). (See fig. [1-1.)
The boards should be matched, shiplapped, or
square-dged with joints made over the center of
rafters. Not more than two adjacent boards
should have joints over the same support. It is
preferable to use boards no wider than 6 or 8 in,
to minimize problems which can be caused by
shrinkage. Boards should have a minimum
thickness of 3/4 in. for rafter spacing of 16 to
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133571
Figure 1t-tf.—Installstion of board roof sheathing,
showing both dlosed ar 1 spaced types,

24in, and be nailed at each bearing point. End
maiched tongued-and-grooved boards can also
be used and joints can be made between raftecs.
However, in no case should the joints of
adjoining boards be made over the same rafier
space. Each board should be supported by at
least two rafters.

Use of long sheathing boards at roof ends is
desirable to obtain good framing anchorage.
especially in gable roofs where there is a
substantial rake overhang,

When wood shingies or shakes are used in
damp climates, it is common to have spaced roof
boards. (See fig. 11-1.) Wood nailing strips in
nominal 1- by 3- or I- by 4n. size are spaced
the same distance oncenters as the shingles are
to be laid to the weather. For example, if
shingles are laid 5in. to the weather and
nominal (surfaced) 1-by 4-in. strips are used,
there would be spaces of 13/8 to 11/2in.
between each board to provide the needed
ventilation spaces. !

11-2

PLYWOOD ROOF SHEATHING

When plywood roof sheathing is used, it
should be laid with the face grain perpendicular
to the rafters, (See fig. 11-2.) Standard sheathing
grade plywood is commonly specified, but
where damp conditions ocrur, it is destrable to
use a standard sheathing grade with exterior
glue. End joints are made over the center of the
rafters and should be staggered by at feast one
rafter 16 or 24 in. or more.

PLANK ROOF BECKING

Plank roof decking, consisting of 2in. and
thicxer tongued-and-grooved wood planking, is
commonly used in flat or low-pitched roofs in
post and beam construction. Common Sizes are
nominal 2-by6., J-byé, and 4-by 6in.
V-grooved members, with the thicker planking
being suitable for spans up to 10 or 12fi.

1335672
Flgure 11.2.—Agpplicstion of plywood roof sheathing.
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Special load requirements may reduce these
allowable spans, Roof decking can serve both as
an interor ceiling finish and as a base for
roofing. Heat loss is greatly reduced by adding
fiberboard or other rigid insulation over the
wood decking.

The decking is blind nailed through the
tongue and also face naifed at each support. In
4- by 6-in. sze, it is predrilled for edge nailing.
For thinner decking, a vapor barrir is ordinarily
instafled between the top of the plank and the
roof insulation when the planking does not
provide sufficient insulation.

EXTENSION OF ROOF
SHEATHING AT GABLE ENDS

A method of installing board or plywood
roof sheathing at the gable ends of the roof is
ghown in figure 11-3. Where the gable ends of
the structure have little or no extension (rake
projection), roof sheathing is placed flush with
the outside of the wall sheathing.

133573
Fidure 11-3.—Bosrd roof sheathing at ends of gable.

Roof sheathing that extends beyond end
walls for a projected roof at the gables should
span not iess than three rafier spaces to insure
anchorage to the rafters and to prevent sagging.
(See fig. 11-3.) When the projection is greater
than 16 to 20 in., special ladder framing is used
to support the sheathing.

Plywood extension beyond the end wall is
usually governed by the rafter spacing to
minimize waste. Thus, a 16-in. rake projection is
commonly used when rafters are spaced 16-in.
oncenter. Butt joints of the piywood sheets
should be alternated so they do not occur on the
same rafter.

Wood or plywood sheathing at the valleys
and hips should be installed to provide a tight
joint and should be securely nailed to hip and
valley rafters. (See fig. 11-4.) This will provide a
solid and smooth base for metal flashing.

EXTERIOR TRIM

vxterior toim includes window and door
trim, comice moldings, facia boards and soffits,
rake or gableend tnm, and moldings.
Contemporary designs with simple comices and
moldings will contain little of this material,
while traditional designs will have considerably
more. Much of the exterior trim, in the form of
finish lumber and moldings, is cut and fitted on
the job. Other materials or assemblies, sucl as
shuttcrs, louvers, railings, and posts, are shop
fabricated an< arrive on the job reudy to be
fastened in place.

In materials used for exterior trim. the
properties fesired are good painting and
weathering characteristics, easy working
qualities, and maximum freedom from warp. In
addition, decay resistance is also desirable where
materials may absorb moisture. Heartwood of
the cedar. cypress, and redwood has high decay
resistance. Less duzable species may be treated
to make them decay resistant. Many
manufacturers predip with a water-repellent
preservative at the factory, such matenals as
siding, window sash, window and door frames,
and trim. On-the-ob dipping of end joints or
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ntiters cut at the building site is recommended
when resistance to water entry and increased
protection are desired.

Fastenings used for trim, whether nails or
screws, should preferably be rust-resistant; that
is, galvanized, stainless steel, or aluminum. When
a natura] finish is used, nails should be stainless
steel or aluminum to prevent staining and
discoloration. Cement-coated nails are .ot
rust-resistant,

Siding and trim are normally fastened in
place with a standard siding nail, which has a
small flat head. However, finish or casing nails
might also be used for some purposes. If not
rust-resistant, they should be set belov' the
surface and puttied after the prime coat of paint
has been applied. Most of the trim along the
shingle line, such as at gable ends and comices, is
instalied before the roof shingles are applied.

CORNICES

The exterior finish at and just below the
eaves is called the CORNICE. It is usually
installed along with the rpof sheathing. But in

me cases, the cornice may be installed before
e roof sheathing is complete when the
installation can be made easier,

The parts of the roof that project beyond
the face of the wall are called the EAVES or
OVERHANG. Therefore, a structure with a hip
roof has eaves all the way around it. 1n addition,
the parts of the roof that project beyond the
sidewalls of a gable roof are called eaves. But,
the upward slopes of the gable ends are called
RAKES.

Comice work includes the installation of the
jookout ledger, lookouts, plancier, ventilation
screens, fascia, freize, and the moldings at and
below the eaves, and along the sloping sides of
the gable end (rake}. The omamental parts of a
comice are called CORNICE TRIM and consist
mainly of molding; but, the molding which runs
up the side of the rakes of a gable roof is called
GABLE CCRNICE TRIM. Besides the main

toof, the additions and dormers may have
comices, and comice trim.

Types of Comices

The type of comice required for a particular
structure i$ indicated on the wall sections of the

drawings, and there are usually comice detail/ /"~

drawinys as well. A roof with no rafter overhan
or eave usually has the SIMPLE comice show
in figure 11-5, This comice consists of a singl
strip or board calted a FRIEZE, which is bevele
on the upper edge to fit under the overhang
eave, and rabbeted on the loweredge to overl
the upper edge of the fop course of siding. If
trim is used, it usually consists of molding
placed as shown in the figure. Molding trim in
this position is called CROWN molding.

A roof with a rafter overhang may have an
OPEN comice or a CLOSED (also called a BOX)
comice. The simplest type of open comice is

ROOF SHEATHING

CROWN MOLDING

RAFTER
FRIEZE

d WALL SHEATHING

pa—— STUD

45,493
Figure 116.~-Simple comice.
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Figure 11.6.—Simplest typa of opan comica.

shown in figure 11-6. Like the simple cornice, it
congists only of a frieze, which in this case must
be notched to fit around the rafters, If trim is
used, it usually consists of molding cut to fit
between the rafiers as indicated. Molding trim in
this position is called BED molding,

A closed or box comice is shown in figure
11-7. In this type, the rafter overhang is entirely
boxed in by the roof covering, the fascia, and a
bottom strip called a PLANCIER. The plancier
is uailed to the lower edges of a series of

aACOF SHE ATHING

RAFTER

FINISH FASCIA

VENTILATION
SCREEN

PLANCIER QUARTER ROUND

133,148
Figurs 11.7.~Closed of box comice,

horizontal members called LOOKOUTS, which
are cut to fit between the rafter ends and the
face of the wall sheathing. The frieze, if any, is
set just below the lookouts. The trim, if any, is
placed and named as shown in the figure.

The gable comice trim on a gable-roof
structure with a simple or an open cornice is
made by nailing the frieze and the crown
molding to the rakes as shown in figure 11-8,

\FRIEIE

465497
Figure 11-8.—Gabie cornics trim on gebls-roof structure
with simplv comice.
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Molding trim along the rakes, however. is called
RAKE molding.

Comice Construction

Most specifications call for BUILDING
PAPER or FELT between the wall sheathing and
the siding. Building paper is impregnated with a
waterproofing material, such as asphalt or
paraffin; it is used (o make the walls watertight
and to keeo out air and dust., It-is usually
applied horizonially, with a 2- to 4-in, overlap.

Before the comice can be erected, the top
course of building paper must be apoplied to the
wall sheathing. For the open and closed comice,
the paper must be cut to fit around the rafters
to insure good insulation.

To prevent ice dams, comices should be
fully insulated in areas where mcderate to severe
snowfalls occur. (See view A, fig. 11-9.) Ice
dams are formed when the snow melts, runs
down the roof, and freezes af the colder cornice
area, Gradually, the ice forms a dam that backs
up water under the shingles. Under these
conditions, it is good practice to use an
undercourse of 45-1b smooth-surface roll roofing
along the eave line as a flashing. (See view B, fig.
11-9.) This will lessen the chance of water
backing up and entering the wall, Both good
attic ventilation and sufficient ceiling insulation
are of primary importance in eliminating ice
dams,

Constructing a simple or an open cormice is
simply a matter of laying out, beveling,
rabbeting, notching (if required) and nailing on
the frieze and the (rim. Nails should be
coated-casing, or finish, the size depends on the
thickness of the piece being set in place. Carry a
supply of fourpenny, sixpenny, and eightpenny
nads, and drive the nails in only part way until
ali the pieces of the cornice have been set in
place, All yoints should be planed smooth with a
block plane and fitted together- tightly, All
members must be mitered for joining on outside
comers and mitered or coped for joining on
inside corners,

7 A ot e el o e g e el

TRAPPED WATER

FLASHING
{ROLL ROOFING}

SUFFICIENT
INSULATION

B

. 133.57%
Figure 11-8.-A. fce dams; B. Eave Protection against ice
dams.

The normal procedure for constructing a
closed comice is as follows:

i
1. Line up the tail plumb cuts and lower
cotners of the rafters by stretching a line and
planing or sawing down arny’ irregularities.

2. Lay out and cut the lookouts and nail
them in place (if this was not done in the
framing stage). Lookouts must be level, with
vottom edges and outer ends in perfect
alinement. Each lookout should be first nailed
to the rafter and then toenailed against the
ledger.

11-7
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3. Lay out, cut, and rabbet the frieze, and
nail it in place just below the lookouts.

4. Lay out and cut the plancier, and fit and
nail it to the bottom edges of the lookouts.

S. Lay out, cut, and bevel the fascia, and
nail it to the ends of the rafters and lookouts.

6. Lay out, cut, bevel (if necessary), and
nail on the moldings,

Comice Retumn

The CORNICE RETURN is the end finish of
the comice on a gable roof. In hip roofs and flat
roofs, the comice is usnally continuous around
the entire structure. On a gable roof, however, it
must be terminated or joined with the gable
ends, The type of detail selected depends to a
great extent on the type of cornice and the
projection of the gable roof beyond the end
wall,

A narrow box comice often used in houses
with Cape Cod or Colomal details has a boxed
return  when the rake section has some
projection. (See view A, fig. 11-10.) The fascia
board and shingle molding of the comice are
carried around the corner of the rake projection.

When a wide box cornice has no horizontal
lookout members (fig. 11-7), the soffit of the
gable-end overhang is at the same slope and
coincides with the comice soffit. (See view B,
fig. 11-10.) The system is simple, and often used
where there are wide overhangs at both sides and
ends of the structure

A closed rake (gable end with little
projection) may be used with a narrow box
comice or a close comnice. The frieze board of
the gable end, into which the siding butts, joins
the frieze board or fascia of the comice. (See
view C, fig. 11-10.)

While closed rakes and cornices with little
overhang are lower in cost, the exira matenal
and labor required for good gable and (ornice
overhangs are usually justified. Better sidewall
protection and lower paint maintenance costs
are only two of the benefits derived from good
roof extensions.

/—RODF SHEAT HING

"~ FASCA

RETURN
SIDING

SIOING

133578
Figure 11 10.-Cormite returne. A. Narraw cornice with
boxed retuin. B. Wide overhang at cornice and reke,

C. Narraw bax cornlce and clated rake.
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RAKE (GABLE-END) TRIM

The rake section is the extension of a gable
roof beyond the end wall of the struchire. This
section might be classed as being a close rake
with little projection or a boxed or open
extension of the gable roof, from 6 in, to 2 ft in
length or more. Sufficient projection of the roof
at the gable is desirable to provide some
protection to the sidewalls. 1t usually results in
longer paint life.

When the rake extension is only 6 to 8in.,
the fascia and soffit can be nailed to 2 series of
short lookout blocks. {(See views A, fig. 11-11.)

J et SHIMGLES

“'ﬂ“‘“‘l‘ J] - | R00F sueaTinG

e i MOLDING

LOOKOUT BLOCK

SOFFIT 1AL ANGIER)

FRIEZE BOARD

ik AND MOL DING
A
Al
' - SHINGLES
e = METAL

k. ROOF-EDGE
j..——- FASCIA
FLY {BARGE) RAFTER

LOOY QU T
SOFFIT {PLANCIER)

STUD—a
NAILING BLOCK (FOR SOFAIT)

i FRIEZE BOARD AND MOLDING
‘\susnume
SIDING

B

133677
Figure 11-11.—Normal gable-end extennons. A. Narrow
overhang: B. Moderste overhang.

In addition, the fascia is further secured by
nailing through the projecting roof sheathing. A
frieze board and appropriate moldings complete
the construction.

In a moderate overhang of up to 20 inches,
both the extended sheathing and the fly (barge)
rafter aid in supporting the rake section. (See
view B, fig. 11-11.) The fly (barge) rafter
extends from the ridge board to the nailing
header which connects the ends of the rafters.
The roof sheathing boards or the plywood
should extend from inner rafters to the ead of
the gable projection to provide rigidity and
strength.

The roof sheathing is nailed to the fly
{barge) rafter and to the lookout blocks which
aid in supporting the rake section and also serve
as a nailing area for the soffit. Additional nailing
blocks against the sheathing are sometimes
required for thinner soffit materials.

Wide gable extensions {2 ft or more) require
rigid framing to resist roof foads and to prevent
deflection of the rake section. This is usually
accomplished by lookout members that are
nailed to a fly (barge) rafter at the outside edge
and supported by the end wall and a doubled
interior rafter. (See views A and B, fig. 11-12.)
The framing is often called a *Jadder” and may
be constructed in place or on the ground or
other convenient area and hoisted in place.

When ladder framing is preassembled. it is
usually made up with a header rafter on the
inside and a fly rafter on the outside. Exch is
nailed to the endsof the lookouts which bear on
the gable end wall. When the lieader is the same
size as the rafter, be sure to provide a notch for
the wall plates the same as for regular rafters. In
moderate width overhangs, nailing the header
and fly rafter to the jookouts with supplemeatal
toenailing is wusually sufficiently strong to
climinate the need for the metal hangers, as
shown in view B, figure 11-12, The her" -
rafters can be face nailed directly to the
rafters which are spaced 16 to 20 in. apart.

Other detaiis of soffit, fascia, frieze board,
and moldings can be similar to those used for a
wide gable overhang. Lookouts should be spaced
16 to 24 in. apart, depending on tke thickness of
the soffit material,

11-9
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Figura 11-12.—Special gshls-end oxtensions: A, Extra
wide overhany, B, Ladder framing for wide overhang,

C, Closed reke,

A closed rake has no extension beyond the
end wall other than the frieze board and
moliings. Some additional protection and
overhang can be provided by using a 2-by 3-or
2- by 4-in. fascia block over the sheathing. (See
view C, fig. 11-12.) This member acts as a frieze
board, as the siding can be butted against it, The
fascia, often 1by®6 inches. serves as a trim
member. Metal roof edging is often used along
the rake section as flashing.

ROOF COVERING

Roof coverings should provide a long-life
waterproof finish that will protect a building
and its contents from rain, snow, and wind,
Many matenials have withstood the test of time
and have proved satisfactory under given service
conditions.

Matenals used for pitched roofs are wood
and asphalt shingles, and also, tile and slate.
Sheet materials, such as roll roofing, galvanized
iron, aluminum, copper, and tin are also used.
Builteup construction is used mainly for flat or
low-pitched roofs but can be used on steeper
slopes by the use of special materials and
me thods.

An asphalt-saturated felt underlay is
required for most roofs before the roof covernng
is installed. Roof underlay material should be
applied on all pitched roofs which are to be
covered with asphalt or shake shingles, and slate
or tile roofing.

In shingle application, the exposure distance
is important. and the smount of exposure
generally depends on the roof slope and the type
of material used. This may vary from a 5-in.
exposure for standard-size asphalt and wood
shingles on a moderately steep slope to about
3 1/2 in. for flatter slopes.

ASPHALT-FELT UNDERLAYMENT

Once the roof sheathing is in place, it is
covered with an asphalt felt underlayment
commonly called ROOFING FELT. Roofing felt
is asphalt saturated and serves three basic
purposes. It Keeps the roof sheathing dry until
the shingles can be applied; after the shingles
have been laid, it acts as a secondary barrier
against wind-driven rain and spow; it also
protects the shingles from any resinous matenals
which could be released from the sheathing,

Roofing felt is designated by the weight per
SQUARE. A square is equal to 100 sq ft and is
the common unit to describe the amount of
roofing material. Roofing felt is commonly
available in rolls of 15 and 30 1b per square. The
rolls are usuvally 36 in. wide. A roll of 15-b felt
is 144 ft long, whereas, a roil of 30b feit is
72 ft long. After you allow for a 4-in. overlap, a

11-10
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roll of 15-1b felt will cover 4 sq, and roll of 3G-1b
felt will cover 2 sq.

The roofing felt is laid directly on the
sheathing. Usually, a strip is laid in each valley of
the roof first. After the valleys are covered, start
at the lower edge of the roof, and lay the
roofing felt perpendicular to the rafters. Each
succeeding strip overlaps the lower one by a
minimum of 4 in. for a single coverage. Double
and triple coverage of the felt will require
thicker ridge caps. Once the ridge is reached
from both sides, a double strip is run down the
ridge and hips.

ASPHALT SHINGLES

The usual minimum recommended weight
for square-butt strip shingles is 2351b per sq,
although heavier weights arc available. The
square-butt strip shingle is 12in, wide, and
36 in. long with three self-sealing type tabs for
wind resistance. (See fig. 11-13.) They are
usually laid with 5 in. exposed to the weather.
They are available in bundles of 27 strips and
should be stored flat so that the strips will not
curl after the bundies are open.

An asphalt-shingle roof can also be protected
from ice dams by adding an :nitial la,yer of 45 1b
or heavier roll roofing. The roll roofingis 36 in.
wide and insures good ventilation and insulation
within the attic space. (See view B, fig. 11-9.) A
metal edging is often used at the gable end to
provide additional protection.

Before application, a course of wood
shingles or a metal edging may be used along the
eave line of the asphait shingles. The first course
of asphalt shingles is doublsd; or, if desired, a
starter course may be reversed and used under

Figure 11-13.—A 12 by 36 in. $duare butt asphait shinglse.

20120

-1

the first asphalt-shingle course. This first course
should extend downward beyond the wood
shingles (or edging) about 1/2in, to prevent the
water from backing up under the shingles. A
1/2-in. projection should also be used at the rake.

Galvanized roofing nails with large heads
should be used. Start 1 to 2in. from the side
edge, and place the nails approximately 1in,
above both sides of the tab notch.

The method of laying an asphalt-shingle roof
is shown in figure 11-14.
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133579
Figure 17-14.—Application of asphalt shingles: A. Com-
mon mathod with strip shingles; 8. Metal edging at
geble end.
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WOOD SHINGLES AND
WQOD SHAKES

Wood shingles are available in three standard
lengths—16, 18, and 24 inches. The 16-in. length
is perhaps the most popular. It has five-butt
thicknesses per 2 in, of width, when it is green
(designated a 5/2). These shingles are packed in
bundies. Four bundles will cover 100sq ft of
wall or roof with an exposure of 5 inches. The
18 or 24-in.-long shingles have thicker
butts—five in 2 1/4in. for the 18+in. shingles,
and four in 2in, for the 24-in. shingles. The
recommended exposures for the standard
wood-shingle size are shown in table 11-].

Figure 1i-15 illustrates the proper method
of applying a wood-shingle roof. Underlay or
roofing felt is not required for wood shingles
except for protection in ice jam areas. Although
spaced or solid sheathing is optional, spaced roof
sheathing under wood shingles is most common.
The following general rules should be followed
in the application of wood shingles.

1. Extend shingles about 1 1/2 in, beyond

the eave fine and about 3/4 in. beyond the rake
(gable} edge.

2. Use two rustsresistant nails in each
shingle; spacing them about 3/4in. from the
edge and ! 1/2in. above the butt line of the
next course,

3. Double the first course of shingles. In all
courses, allow 1/8- to 1/4-in. space between each

Table 11-3,—Rocommendad Exposure For Wood Shinglos

Maximum exPOsure

Shingle
length

Shingle thickness Slope Slepe
(Green) less 5 in 12
than and
4 wn 12 over

In. {n

S butts in 2 in. 3 w4 5
5 butts in 2 1/4 . 4 1/4 5 1/2
4 putts in 2 in. & 3/4 7172

133580

ROLL ROGFING FOR
1CE=DAM PROTECTiON

13353
Figure 11-15.—instsllation of wood shingles.

shingle for expansion when they are wet. Offset
the joints between shingles at least 11/2in.
from the joints between shingles in the course
below. [In addition, space the joints in
succeeding courses so that they do not directly
line up with joints in the second course below.

4., Where valleys are present, shingle away
from them. Select and precut wide valley
shingles,

5. Use a metal edging along the gable end
to aid in guiding the water away from the
side walls.

Wood shakes are usually available in several
types, but the split-and-resawn type is the most
popular. The sawed face is used as the back face
and is laid flat on the roof. The butt thickness of
each shake ranges between 3/4 and | 1/2 inches.
They are usually packed in bundles of 20 sq ft
with five bundles to the square.

Wood shakes are applied in much the same
way as wood shingles. Because shakes are much
thicker (longer shakes have the thicker butts),
use long, galvanized nails. To create 3 rustic
appearance, the butts are often laid unevenly.
Because shakes are longer than shingles, they

11-12
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have a greater exposure. Exposure distance is
usually 7 1/2in. for 18-in. shakes, 10in. for
24in, shakes, and 13in. for 32-in. shakes.
Shakes are not smooth on both faces, and
becsuse wind-dtiven rain or snow might enter, it
is essentigl to use an underlay between each
course. A layer of felt should be used between
each course with the bottom edge positioned
above the butt edge of the shakes a distance
equal to double the weather exposure. A
36-in.-wide strip of the asphalt felt is used at the
eave line. Solid sheathing should be used when
wood shakes ate used for roofs in areas where
wind-driven snow is experienced.

FINISH AT THE RIDGE,
HIP, AND VALLEY

The most common type of ridge and hip
finish for wood and asphalt shingles is known as
the Boston ridge. Asphalt-shingle squares
(one-third of a 12- by 36-in. strip) are used over
the ridge and blind naifed. (See view A, fig,
11-16.} Each shingle is lapped 5 to 6in. to give
double coverage. In areas where driving rains
occur, use metal flashing under the shingle ridge
to help prevent water entering. The use of a
ribbon of asphalt roofing cement under each lap
will also help.

A wood-shingle roof should be finished with
a Boston ridge. (See view B, fig. 11-16)
Shingles, 6in. wide, are alteinately lapped,
fitted, and blind nailed. As shown, the shingles
are nailed in place s0 that the exposed trimmed
edges are alternately lapped. Preassembled hip
and ridge units for woodshingle roofs are
available and save both time and money.

A metal ridge can also be used on
asphalt-shingle or woodsshingle roofs, (See view
C, fig. 11-16.) This ridge is formed to the roof
slope and should be copper, galvanized iron, or
aluminum. Some metal ridges are formed so that
they provide an outlet ventilating area. However,
the design should be such that it prevents rain or
snow from blowing in.

One side of a hip or valley shingle must be
cut at an angle to obtain an cdge that will match

ASPHALT
SHINGLE RIDGE
(BOSTON RIDGE)

BLIND NAIL

WOOD SHINGLE
(BOSTON RIDGE)

\ROOF SHEATHING

133.682
Figurs 11.18.—~Finish at ridpe: A. Boston ridoe with
asPhait shintfes; B. Boston ridge with wood shingles;

€. Metal ridge.

the line of the hip or valley rafter. One way to
cut these shingies is to use a pattem made as
follows:

Select a piecc of 1 by 6, " ft long. Determine
the UNIT LENGTH of a common rafter in the
roof (if you do not already know it); set the
framing square on the piece to get the unit run

11-13
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of the common rafter on the blade, and the unit
rise of the common rafter on the tongue, as
shown in the top view of figure 11-17. Draw a
iine along the tongue; then saw the piece along
this line, and use it as a pattem to cut the
shingles, as shown in the bottom View of figure
11-17.

BUILT-UP ROOFING

Builtsup roofing is exactly what the name
implies—alternate layers of bituminous-saturated,
of saturated and coatew felt, or fabric and bitu-
men built up on the job.

Relatively slightssloped roofs (2in. or less
per ft) are particularly suitable for the buiit-up
roof, because they practically fumish a
continuous flat surface. When proper
precautions are taken, the built-up roof may be
applied on slopes steeper than 2 in. per ft.

The layers of building paper or felt in a
built-up roof function primarily to hold the
layers of bitumen in place. Generally, felt layers

UHIT RISE OF
COMUON RAFTER

11752
Figure 11-17.—Laving out pattern for cutting hip and
valloy shingle. '

do not materially contribute to the
waterproofing of the roof and are not suitable
for exposure to the weather. Built-up roofs are
always designated by the number of plies of felt
they contain; for ‘example, 3+ and~5-ply roof's
contain 3 and 5 plies, respectively. Felts may be:
organicfiber (wool, paper, rag), coaltar
saturated, glass-fiber, asphalt-saturated, and
asbestos, asphait-saturated. Asphalt-saturated
and coated felts are manufactured for use es a
vapor barrier. For built-up roofs, glass-fiber felt
with kraft paper backing is also available for
vapor barriers. Coated felts surfaiced with
mineral granules are sometimes used for the
wearing sutface (cap sheets) on built-up roofs.
Glass-fiber felts should not be used in extremely
cold weather locations.

Aggregate surfacing for built-up roofs serves
several important functions: it permits the use
of thick surface coatings of bitumen; it protects
the bitumen from sunlight and heat, and it
increases the wind and fire resistance of the
roofing. Surfacing materials may be gravel, slag,
marble, and othsr suituble materials. Built-up
roofs, except those surfaced with promenade tile
or similar surfacing, are not intended to carry
much foot tratfic. On roof areas that are
subjected to regular traffic, tile sutfacing,
concrete, or wood must be provided. Aggregate
surfacing must not be used on built-up roofs
near a flight line, because the aggregate may be
olown off the roofs and sucked into the
aircraft’s jet engines.

A smooth surface treatment may be
employed in lieu of aggregate surfacing to
provide a weathering surface on asphait built-up
roofs where it is necessary to hold roof loads to
a minimum. This treatment may also be used
where there is a possibility of surfacing
aggregates blowing off and damaging sensitive or
critical material and equipment, and where
required by roof configuration, or other reasons.
Sruooth-surface treatments include mineral-
surfaced cap sheets (roll roofing), and either
mopped-on, brushed-on, or sprayed-on asphalt
coatings.

A builtup roof, like a shingled roof, is
started at the eaves so the strips will overlap in
the direction of the watershed. Figure 11-18

11-14

4\?1




Chapter 1{-EXTERIOR FINISH
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Figure 19-18.—Laying a 5-ply built-up roof.

shows how 32-inch building paper is layed over a
wood sheathing roof to get 3-ply coverage at ajl
points in the roof. The procedure for laying
follows:

1. Lay the building paper with a 2-in.
overiap, as shown. Spot-nail it down just enough
to keep it from blowing away.

2. Cut a l6-in. strip of saturated felt and
lay it along the eaves. Nail it down with nails
placed 1in. from the back edge and spaced
121in. on center.

3. Nail a full-width (32in.) strip over the
first strip, using the same naiiing schedule.

4. Nail the next full-width strip with the
outer edge 14in. from the outer edges of the
first two, to obtain a 2-in. overlap over the edge
of the first strip laid. Continue laying full-width
strips with the same exposure {14 in.) until the
opposite edge of the roof is reached. Finish off
with a half-strip along this edge. This completes
the 2-ply dry nailer.

S. Start the 3-ply hot with one-third of a
strip, covered by tworthirds of a strip, and then
by a full strip, as shown. To obtain a 2-in.
overlap of the outer edge of the second full strip
over the inner edge of the first strip laid, the
outer edge of the second full strip must be
8 2/3 in. from the outer edges of the first three
stoips laid. To maintain the same overlap, the
outer edge of the third full strip must be
10 1/3 in. from the outer edge of the second full
strip. Subsequent strips may be laid with an
exposure of 10 inches. Finish off at the opposite
edge of the roof with a full strip, two-tltirds of a
strip. and one-third of a strip, to maintain 3 plys
througlout.

6. Spread a layer of hot asphalt {the mop
coat) over the entire roof. An asphalt heating
kettle, like the one shown in figure 11-19, is
used to draw off ar.d spray on the asphalt.

7. Sprinkie a layer of gravel over the entire
roof. Crushed stone or slag may be used instead
of gravel.

Hot roofirn work is done by a crew
consisting of @ mopper, felt layer, broomer,
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Figure 11-19.—Asphalt heating kettlo.

nailer, asphalt carrier, and operator of the
asphalt heating kettle. In charge of the crew, the
mopper makes sure the temperaturec of the
asphalt is neithei too hot nor too cold. Asphalt
that is too hot will burn the felt and form a
layer that is too thin after *mopping. Besides,
thin layers will crack eventually and separate
from the felt Cold asphalt forms a layer that is
too thick after mopping. Thick layers require
the use of too much asphalt.

Once the 2-ply dry nailers are in place and
hot mopping begins, the felt layer musi get the
felt down as soon as possible after the asphalt
has been mopped. If the time between mopping
and felt laying is too long, the asphalt will cool
to the point where it will not bond well with the
felt. The felt layer should follow the mopper at
a distance of not me.ie than 3 feet, The broomer
should follow immediately beh.nd the felt layer,
brooming out ail air bubbles and imbedding the
felt solidly in the asphalt. When carried, buckets
of hot asphalt should never be more than
three-fourths full. Nor should they be carried
faster than the carrier can walk. Whenever
possible, the mopper should work downwind
from the feit laver and broomer, to reduce the
danger of spattering. The mopper should lift the
mop out of the bucket without dragging it

across the rim. Dragging could upset the bucket
and spread hot asphalt to the feet or legs of
crewmembers working nearby,

ASPHALT HEATING KETTLE

A traiter-mounted asphalt heating kettle has
cither an 8C- or 165-gallon heating unit. A flue
stack, located ¢n ine forward end of the heating
unit over the top of the baffle and burner
assembly, provides an escape for the exhaust
geses from the fuel burner. A gage inserted
through an insulated pipe intv the heating tank
indicates the temperature of the asphalt.

A four-cycle, single<vlinder engine drives
the pump that forces asnhalt through a flexible
metal hose that reaches the roof surface. This
hose vonnects the pump to a spray bar assembly,
Figures 11-20 through 11-22 show the positions,
parts, and contrcls for the asphalt heating kettle.

OPERATION
Before operaung the asphalt heuting kettle,

inspect inside the kettle to insure 1t 1s absolutely
dry. Any water there will tur; to steam when
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133.584
Figure 11-20.—Burner fuel tank and parts.

the kettle gets hot enough. This may cause the
asphalt to bubble over, creating a fire hazard. in
any case, be sure a dry-chemical fire extinguisher
in good working order is handy. Guidelines for
operating the kettle follow:

1. Make sure the kettle is suitably located,
and level it by adjusting the front and rear
support legs (fig. 11-9). Position it broadside to
the wind, if possible. Do NOT operate when
unattended or while the traiter js in transit or in
a confined area.

2. Check and fill the engine crankcase with
a high quality detergent oil.

3. Fill the fuel tank completely with clean.
fresh, lead-free or regular grade automotive
gasoline.

CAUTION: Do NOT mix oil with
gasoline

4. Pull out the manual choke control.

5. Pull out the hand throttle approximately
I 1/2 inches.

6. Pull out the ignition switch button.

CAUTION: Make sure all valve handles are
in their proper position before starting the
engine.

7. Pull out the starting cord to start the
engine.

8. Push in the hand choke graduaily after
the engine starts.

9. Warm up the engine at moderate speed.

10. Pull the hand throttle completely out to
reach operating speed.

To start the burrer fuel tank, check the fuel
supply (kerosene) in the tank (fig. 11-20). If
necessary, fill the fuel tank with kerosene to
within 2in, of the top of tank. Make sure the
tank does NOT feak, NEVER fill the tank to the
top. Be sure both the tank angle and bumer
valves (figs. 11-20 and 11-21, respectively) are
closed. Then, pump air into the tank until the
air pressure gage (fig. 11-20) on the tank reads
h“etween 35 and 40 pounds. Completely open
the tank angle valve, then open the bumer valve
(fig. 11-21) approximately one-fourth turn unti
the burner pan (fig. 11-21} is about one-half full
of kerosene. iNow, light pieces of paper and
insert them into the pan. Let the bumer
generate for about 5 minutes, then open the
bumer valve another one-fourth turn and aflow
the burner to operate until it is buming freely. If
the burner has not been generated in the kettle,
place it in the kettle and adjust the bumer valve
for a good, strong flame to heat the material.
The temperature will depend on the type of
matetial to be heated. For example, tha
temperature gage (fig. 11-22)} should read
between 300° and 450°F before asphalt is
pumped. Do NOT heat asphalt beyond the
manufacturer’s recommended temperatures.
Remember, before the asphalt heating kettle is
started. place valves 8, 13, 16, and 24 (fig.
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Figure 11-21.~Bumor awsambly.

11-22) in the No 1 positions. After doing so,
prepare  to circulate the heated material
throughout the system. Secure connections
before tuming the valves to eliminate leaks.
First, place valves 8, 13, and 16 in the No. 2
position. Next, place valve 24 in the No.2
position. Leave the valves in this position for
about 2 minutes to obtain full circulation so
that the asphalt or pitch ran heat the pump and
the pipes. To circulate through the bypass valve
(fig. 11 22), place valves 8 and 16 in position
No. 3, and operate on this position for 1 minute
so that the material can heat the bypass valve
and return to the heating kettle.

To use the spray bar, place valve 13 in the
horizontal position Then open the spray-bar
handle valve. Wear gloves or use insulated

material when handling the spray bar, pipes, or
hose-. Be careful NOT to spray asphalt on others
working nearby.

When the kettle is being secured, stop the
engine. Push the throttle completely in, and
immediately plice the manual stop switch
against the engine spark plug. Place valves 8, 13,
16, and 24 in the No. 1 position, and leave the
spray-bar handle valve open. Now, place a
bucket of flushing material that is recommended
by the manufacturer under the flushing pipe
(fig. 11-22). Restart the engine. Do this
immediately after spraying so that the pump
lines do NOT set up with cold material. At this
time, asphalt or pitch will flow from the spray
bar. Place the spray nozzle into the flushing
material bucket so that the flushing material can
virculate and clean the pump lines. When the
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133.688

Flgure 11.22.—Kettls engine, pump, vaives, and tamPoratuse gage.

material has been flushed thoroughly, shut down
the engine and leave all valves in the No. |
position for the next “engine start™ procedure.
Now, secure the burner by closing the burner
valve (3. 11-21), and then the burner fuel tank
angle valve {fig. 11~20).

CAUTION: Do NOT remove asphalt from
the tank while the burner is in operation.

CARE AND MAINTENANCE

The general operating instructions include
steps the kettle operator takes in caring for or

maintaining the asphalt heating kettle. In
addition, the operator must keep the unit clean,
lubricate it, and service the engine. The operator
also checks .. loose bolts, Joose nuts, and worn
parts. T spring shackles on the trailer are
greased monthly and trailer wheel bearings are
pacted once a year.

OUTSIDE WALL COVERINGS

Because siding and ot'er types of coverings
for exterior walls affect the appearance as well

11-19
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as the maintenance of a structure. the pattern
should be selected carefully.

Wood siding can be obtained in many
different patterns and can be finished naturaily,’
stained, or painted. Wood shingles, plywood,
wood siding or paneling, fiberboard, and
hardboard are some of the types of material
used 8s exterior coverings. Masonry, veneers,
metal or plastic siding, and other nonwood
materials are additional choices. Many
prefinished sidings are available. and the coatings
and films applied to several types of base
materials may etiminate the need of refinishing
for many years.

wOOD SIDING

O e of the materials most characteristic of
the exteriors of structures is wood siding. The
essential properties required for siding are good
painting charactenstics, easy working qualities,
and freedom from warp. Such properties are
present to a high degree in cedar, eastern white
pine, sugar pine. western white pine, cypress,
and redwood; to a good degree in western
hemluock, ponderosa pine. spruce. and
yellow-popular. and to a fair degree in Douglas
fir, western larch, and southern pine.

Material used for exterior siding which is to
be painted should preferably be of 2 high grade
and free from knots, pitch pockets. and waney
edges. Vertical grain and mixed grain {both
vertical and flat} are available in some species,
such as redwood and western red cedar.

The moisture content at the time of
applitation should be that which it would attain
in service. To minimize ssasonal movement due
to changes in moisture content, vertical-grain
{edge-grain) siding is preferred. While this is not
as important for a stained finish, the use of
edge-grain siding for a paint finish will result in
longer paint life. A 3-minute dip in a
water-repellent preservative before siding is
installed w.d not ondy result in longer paint jife
but will aiso resist moisture entry and decay.
Some manufzcturers supply siding with this
treatment Freshly cut ends should be
brush-treated on the job.

11-20

TYPES OF HORIZONTAL SIDING

Some wood siding patterns are used gnly
horizontally and others only vertically. Some
may be ased in either manner 1f adequate nailing
areas are provided. A description of each of the
general types of horizontal siding follows.

Bevel Siding

Main bevel siding can be obtained in sizes
from 1/2 by 4 inches to 1/2 by 8 in “es and also
in sizes of 3/4 by 8 inches and 3/4 by 10 inches.
“Anzac™ siding (figure 11-23) is 3/d by 12
inches in size. Usuaily. the finished width of
bevel siding is about 1/2 inch less than the size
fisted. One side of bevel siding has a smooth
planed surface. while the other has a rough
resawn surface. For a stained finish, the rough or
sawn side is esposed because wood stamn works
best and lasts longer on rough wood surfs es.

Dolly Varden Siding

Dolly varden siding is similar to true bevel
siding except that it has shiplap edges. The
shiplap edges have a constant exposure distance.
(See fig. 11-23.) Because it lays flat against the
studs, it is sometimes used for garages and
similar buildings without shcathing. Diagonal
bracing is then needed to stiffen the bulding
and helps to resist winds, twist, and strain,

Other Types of Horizontal Siding

Regular drop siding can be obtained in
several patterns, two of which are shown in
figure 11-23. This siding, with matched or
shiplap edges, can be obtaned i - by 6-in.
and 1-by 8 in. sizes. It is commonly used for low
cost dwellings and for garages, usually without
benefit of sheathing. Tests have shown that the
tongued-and-grooved (matched) patterns nave
greater resistance to the penetration of
wind-driven rain than the shiplap patterns, when
both are ftreated with a water-repelient
preservative.

Fiberboard and hardboard sidings are also
available in various forms. Some have a backing
to provide nigidity and strength while others are
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patterns will likely be more satisfactory where
there are moderate moisture content changes.

L =2 TSEe Wide patterns are more successful if they are
Lz e A vertical grained to keep shrinkage to a minimum. ™
= The correct moisture content is necessary lo
prevent shrinkage to a point where the tongue is
e o exposed.
é__ / - If the edges of drop, matched, and
B— shiplapped sidings are treated with a
water-repellent preservative, it usually prevents
oLy tac8 70 wind-driven rain from penetrating the joints

exposed to the weather. In areas under wide
overhangs or in porches or other protected
sections, the treatment is not as important.

)y _4, - 0T "'Z (oAt TERN 001 e Some manufac_:turers provide siding with this

_ treatment applied at the factory.

: &= - R, Vertical Board Siding

2ef 2o%74. defr 8l A method of siding application, popular for
some architectural styles, utilizes rough-sawn
* s =, oAE v em boards and battens applied vertically. These can
%"—_‘M v " be arranged in three ways: board and batten,
batten and board. and board and board. (See fig.

bane . an T 11-24.)

R A =ER AL M BOARD rRE
r{_m_l’LM'— BOARD _anD PATTEN

133.687
Figure 11.23.-Wood siding types.
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used directly over sheathing. Plyweod horizontal
lap siding. with 2 medium density overlaid
surface. 1s also available as an exterior covering
material. It is usually 3/8in. thick and 12 or
16in. wide. It is applied in much the same
manner as wood siding, except that a shingle
wedge is used behind each vertical joint.

BATTEN _ANT BOLAL \

GRACE 6 wERTICAL L
AMHEN  WoOD
SmEatsaMd 5 LSEG

BUAAD  AMNDL BOLRD

TYPES OF HORIZONTAL
OR VERTICAL SIDING

A number of siding ¢r paneling patterns can
be used horizontally or vertically (fig. 11-23).
These are manufactured in nominal 1in.
thicknesses and in widths from 4 to 12 inches.

Both dressed and matched and shiplapped edges
are available. The natrow «nd medium-width Figure 11-24.~Yertical board viding.

133.688
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Sheet Siding

A number of sheet materials are now
available for use as siding. These include
plywood in a variety of face treatments and
specles, paper-overlaid plywood, and hardboard.
Plywood or paper-overlaid plywood, also known
as panel siding, is sometimes usetd without
sheathing. Paper-overlaid plywood has many of
the advantages of plywood besides providing a
very satisfactory base for “paint. A
medium-density, overlaid plywood is most
common. Where the stud spacing is 16 inches,
the minimum thickness of panel siding is 3/8
inch. However, 1/2- or 5/8inch-thick sheets
perform better due to their greater thickness and
strength.

These sheets are™4 by 8 ft and longer. They
must be applied vertically with intermediate and
perimeter nailing to provide the desired rigidity.
Most other methods of applying sheet materials
require some type of sheathing beneath. Where
horizontal joints are necessary, they should be
protected by a simpie flashing,

An exterior-grade plywood should always be
used for siding, and can be obtained in grooved,
brushed, and saw-textured surfaces. These
surfaces are usually finished with a type of stain.
If shiplap or matched edges are not provided,
the joints should be waterproofed. Water-
proofing often consists of caulking and a
batten at ecach joint and a batten at each stud if
closer spacing is desired for appearance. An edge
treatment of water-repellent preservative will
also aid in reducing moisture penetration. When
-~ plywoed is being installed in sheet form, allow a
1/16-inch edge and end spacing.

Exterior grade particleboard might also be
considered for panel siding. Normally, a 5/8tnch
thickness s required for 16-inch stud spacing
and 3/4 inch thickness ‘or 24-inch stud spacing.
The finish must b with an approved paint, and
the stud wall behind must have corner bracing.

Medium-density fiberboards might also be
used in some areas as exferior coverings over
certain types of sheathing. Many of these sheet
materials resist the passage of water vapor.
Hence, when they are used, it is important that a
good vapor barrier. well insulated, be employed
on the warm side of the insulated walls.

i1-
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NONWOOD SIDING

Nonwood materials, such as asbestos-cement
siding and shingles and metal sidings, are used in
some fypes of architectural design. Stucco or a-
cement-plaster finish, preferably over a wire
mesh base, is common in the Southwest and the
West Coast areas. Masonry veneers may be used
effectively with wood siding in vanous finishes
to enhance the beauty of both matenals.

Some designated structures favor an exterior
covering which requires a minimum of
maintena